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Indicating Controller 


... the first instrument of this type 
that does not employ a motor or 
other continuously moving parts. 





By employing a beam of light, a mirror galvanometer and 
phototube, the same electronic system which has been so 
successfully utilized in the CELECTRAY design since the early 
thirties, now makes it possible to offer the simplest Pneu- 
matic Potentiometer Controller ever presented to industry, 


AVAILABLE IN SIX MODELS 


On-off. 2. Fixed narrow throttling. 
Adjustable throttling with manual reset. 
Adjustable throttling with automatic reset. 





Adjustable throttling with quick response and 
manual reset. 

Adjustable throttling with quick response and 
automatic reset. 
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THE KOLLSMAN TRUE AIRSPEED INDICATOR is a triumph ot 

strument-making skill, giving immediate dial indication of true airspeed and relieving the pilot or navigator 

f the task—and the hazard—of computing this vital factor in air navigation. This new Kollsman instrument 

ombines airspeed indicator, altimeter and thermometer into one interacting assembly. By this means, 

indicated airspeed is continuously and automatically corrected for altitude, temperature and compressibility 

factor. True airspeed is read directly from its dial. In thus simplifying air navigation and ridding it of a 

ource of possible error, Kollsman engineering makes another noteworthy contribution to aviation progress. 
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PRECISION 
INSTRUMENTS 


INDUSTRIAL THERMOSTATS 
THERMOMETERS 

LABORATORY HYGROMETERS 
THERMOMETERS HYDROMETERS 
RECORDING 

THERMOMETERS PSYCHROMETERS 


MARINE SPECIALTIES ETC., ETC. 


77 Years of 
DEPENDABILITY 


The lasting accuracy, ruggedness and ofher 
distinctive features of Moeller instruments 
are the resulf of the thoroughly precise 
and honest way they are engineered. 


MOELLER MERCURY THERMOMETERS 


Extreme Precision Grade: Solid glass etched stem, 
mercury thermometers (nitrogen filled) for determining 
temperatures within a fractional part of a degree. 





Standard Thermometers: Provide laboratory accuracy 
combined with sturdiness. Made of highest grade glass and 
materials. Mercury filled, calibrated for total or partial 
immersion. Types with “Moeller Glass Red Reading Column" 
afford optimum ease in reading. 

Industrial Thermometers: High accuracy is easy to 
reed under plant conditions because of “Moeller Glass Red 
Reading Column". Prevents eye-strain. V-shape case with 
lees Font furnished in wide variety of forms such as: 
drei ht Stem (see illustration above), Angle Form Types, 
Handle-Top Thermometers for use in food processing, gal- 
vanizing, etc., etc. 


Separable Sockets, Extension Necks, etc., etc., available. 
Thermometer Test Wells—machined from solid bar stock. 


DIAL and RECORDING 
THERMOMETERS 


Made to strictest standards of pre- 
cision, these mercury filled instru- 
ments are calibrated for ranges up 
to 1000°F. or equivalent. Square and 
round cases available. Metal and 


Phenolite cases. 





Write for catalog 


¥ a 
MAOELLER == SINCE 1667 = 
INSTRUMENT COMPANY 


{32nd STREET and 89th AVENUE 
RICHMOND HILL NEW YORK 


Sales Representatives in Principal Cities 
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COVER: Air-conditioning control board, Social Security 9 
R. R. Retirement Bldg., Wash., D. C. (Photo cou. 


tesy Nat'l Fuel Conservation Program) 


EDITORIAL: “Fuel Saving Starts With Control”. 
By M. F. Behar 


TEST SET FOR ELECTRICAL INSTRUMENTS 
with parts list 
By James Spencer 


SUPPLY UNIT FOR TEST SET... 
with parts list 
By James Spencer 
ELECTRICAL-INSTRUMENT ACCURACY 


All error sources listed and analyzed 
By M. S. Wilson 
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Tis a 
nt-Industry team which ad- 








ovel 
set the use of instruments as essen- 
tial weapon's in the War on Waste. This 
team is “nown as the National Fuel 
Efficiency Program, Bureau of Mines, 


t of Interior. They asked us 


Departm . 

for our ‘ront-cover picture space and 
we're gladly giving it to them. There is 
also a National Fuel Efficiency Council 
headed by Thomas Cheasley, Fuel Engi- 
neer of Sinclair Coal Co., Kansas City, 
who serves also as Supervising Engi- 
neer of ‘ne Bureau of Mines’ Fuel Effi- 


ciency Section. A few weeks ago nearly 
a thousand men (most of them com- 
bustion engineers, some of them old 
Instruments subscribers) were appoint- 
ed as Area Coordinators, Regional En- 
gineers and “Waste Chasers” and In- 
terior Secretary Harold L. Ickes de- 
dared that— 


“The counsel given free of charge by the 
volunteer engineers will not encroach uron 
the activities of commercial firms which 
provide technical advice and the services of 
consulting engineers in redesigning or mak- 
ing replacements in plants.” 

A list of the Area Coodrdinators is 


appended. Look up the nearest one and 
start SAVING MORE FUEL through Instru- 
mentation—if you haven’t yet done so. 

The October 1988 issue of Instru- 
ments was a special one devoted to 
automatic combustion control. Look it 
up in your company library or the near- 
est technical library. 

Of special interest to our readers is 
the “Fuel Conservation Council for War, 
Automatic Controls Industry,” P. O. 
Box 1175, Milwaukee, Wis., which has 
issued a 32-page manual entitled “Con- 
serving Fuel with Automatic Controls 
and Instruments” written in non-tech- 
nical language for managers of hotels, 
institutions, office buildings, etc., as well 
as for industrial plant engineers. 

Of more specific interest are the tech- 
nical books and pamphlets written for 
engineers, which for many years have 
been issued by manufacturers of auto- 
matic combustion control equipment. 
Without implying that one engineer’s 
or one company’s educational work is 
the best, I might mention that as a 


Happy Birthday, William Gaertner! 


F, on October 24, 1864, a suitable timing instrument had 

been set at “0,” it would register “80 years” on the 24th 
of this month. In this purely chronometric sense, the four- 
score mark will be reached by William Gaertner, founder 
and President of the Gaertner Scientific Co., Chicago. 

In the biological sense, however, William Gaertner is not 
an octogenarian. The last time I saw him—just a few days 
I was thinking that most men of sixty would envy him 
. and most men of all ages his 
mental alertness: some question came up about an impor- 
lelivery date, and his grasp of all factors proved that 
is master of the situation—a few jumps ahead of who- 
raised any point—like a master of chess playing sev- 
amateurs simultaneously. Not once did his benign 
smile vanish; not once was his voice other than gentle. 
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his physical condition . 
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fue Saving Starts With Control” 


“refresher” for preparing this editorial 
I studied at home my binder of Hays 
Corp. technical monographs written by 
W. H. Pugsley, and decided that a 
chart* which appears in several of these 
bulletins would be of special value to 
Instruments readers who want to help 
save fuel, because I haven’t seen any- 
thing like it in the NFEP or FCCW 
literature. Here it is, in 414” width so 
you can read it easily :— 
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But there are numerous things to do, 
other than maximizing CO2g and mini- 
mizing flue gas temperature, so get in 
touch with your NFEP Area Codrdi- 
nator, whose office will have the nearest 
“Waste Chaser” help you solve your 
own particular problem.—M. F. BEHAR 





AREA COORDINATORS AND HEADQUARTERS 
Calif—J. J. Wilt, Bakersfield; J. B. Haw- 
ley, Luppen & Hawley, Sacramento; R. J. 
Phillips, San Diego Gas & El. Co., San 
Diego. Conn.—Allen Hubbard, Cons. Engr., 
New Haven. Fla.—A. P. Michaels, Cons. 
Engr., Orlando. Ga.—H. R. Creamer, Au- 
gusta Ice & Coal Co., Augusta; Prof, Josiah 
Crudup, Mercer U., Macon. Jll.—Ralph D. 
Brown, Cons. Engr., Harrisburg; Prof. J. R. 
Fellows, U of I, Urbana; C. W. McCullough, 
Fairfield; Ira E, Neifert, Knox College, 
Galesburg; K. A. Scharbau, Eclipse Fuel 
Engg. Co., Rockford; C. C. Williams, Water 
& Light Dept., Bloomington. Ind.—M. A 
Tuttle, Knox Consol. Coal Corp., Indianapo- 
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PERCENT OF CO, 


As to the other important factor, 
keeping down fiue-gas temperature, 
most of the so-called “efficiency charts” 
being mailed out during this campaign 
seem to me to give false hopesf so I’ve 
made up this little table:— 





% Coal LOST as heat carried up 


%CO2 the flue when Flue gas Temp. is 
800° 700° 600° 500° 400° 300° 

8 26.7 23.2 108 16.9 223 24 

10 224 19.4 164: 18:3 26:3 72 
12 19:3 16:6 168 233 8.8 6.1 
15 16.9 14.6 12.3 10.0 7.7 65.4 
16 15.0 12.9 16.9 8.9 6.8 4.8 
18 13.2 11.4 9.6 7.8 6.0 4.2 





values and on assumption that 
the above loss figures are 
in actual cases.—MFB 


Note—Based on local 
other things remain equal,’’ 
conservative, may be higher 





*Mr. Pugsley states that his chart was 
made from data in “Heat Loss Analysis” 
by E. A. Uehling (McGraw Hill Book Co.). 

+For example, “52% efficiency” implying 
a 48% preventable waste! 


trographs, 


tures of his plant! 








Foley, Jr. Co., Syracuse. N.C.—Frank E. P 
Klages, Powers Regulator Co., Greensboro 
G. A. Morris, Norfolk & Western Railway 
Co., Winston-Salem. N.D.—J. F. McGuire 
Northern States Power Co., Fargo. 0.—L. F 
Wertz, Office of Trustee of Public Affairs 
Lebanon. Okla.—W. Schumacher, Publi: 
Service Co. of Oklahoma, SW Div., Lawton 


Ore.—Albert Thews, Thews & Ryder, Pen 


dleton. Pa.—E. A. Reilly, Phila. & Reading 
Coal & Iron Co., Pottsville: C. Schillinger 
Coxe Stoker Engg. Co., Hazelton; A. §S 


Wertz, Wertz Engg, Co., Inc., Reading: H 
A. Delano, Am. Chain Div., York. 8.D.— 
R. M. Crooks, Sioux Falls Gas Div., Sioux 
Falls. Tenn.—L. C. Peal, Supt. Smoke Regul. 
City of Nashville, Nashville. Texz.—Llioyd D 
Royer, Cons. Mech. Engr., San Antonio; 
Clem R. Winkler, United Gas Corp., Beau- 
mont; Wm. H. Rouzer, Jr., Petroleum Engr., 
Wichita Falls. Vt.—F. W. Kehoe, Univ. of 
Vermont, Burlington. W.Va.—FE. J. Kerr, 
Island Creek Coal Sales Co., Huntington 
F. C. Sweeney, Weirton Steel Co., Weirton 
Wis.—F. W. Johnson, Rhinelander Paper 
Co., Rhinelander. 


Let other technical journals recite the details of William 
Gaertner’s career as designer and builder of high-precision 
instruments with Appel in Gottingen, with Repsold in Ham- 
burg, with Hilger in London, with Caminda in Rotterdam, 
with Kraft in Vienna, with Buff & Berger in New York, with 
the U.S. Coast & Geodetic Survey, with the Smithsonian 
Institution in Washington and with the Kenwood Observa- 
tory in Chicago before he founded his firm in 1896! Let 
them list the noteworthy telescopes, astrophotometers, spec- 
interferometers, dividing machines, heliostats 
and chronographs his company built for famous observa- 
tories and laboratories! Let them print then-and-now pic- 
. .. What it behooves me to chronicle on 


this occasion is that William Gaertner, who became a citi- 
zen of the United States forty-eight years ago, possesses all 
the qualities that are implied in the words “A Loyal and 
Useful and Great American Citizen.” 


—M. F. BEHAR 


October 1944—I nstruments—Page $93 





































































DLE or defective equipment has no 
] place in American industry esp 

cially during war-time. Breakdowns 
usually can be avoided if norma! pre- 
cautions are exercised in maintaining, 
and servicing the monitoring measuring 
devices. Erroneous instrument indica- 
tions often result in lowering the qual- 
ity of the manufactured product. Such 
trouble may cause breakdown of equip- 
ment (overloading mechanically or 
electrically) and may, in time, ruin the 
instrument itself. 

Precautions to prevent such diffi- 
culties have been cited many times— 
nevertheless, they go unheeded. Often- 
times, they are not observed for want 
of qualified personnel and of proper 
auxiliary equipment (electrical stand- 
ards and circuits with suitable con- 
trols). Instrument sciools are now es- 
tablished in almost every large indus- 
trial community and instrument manu- 
facturers are generous in supplying in- 
formation on the subject of mainten- 
ance. Recently, the writer completed a 
book* that covers the subjec* in detail. 

Cost of adequate equipment to prop- 
erly protect instruments is not exces- 
sively high—as a matter of fact, it is 
quite reasonable. For example, let us 
consider the a-c. all-purpose portable 
test set built by the writer and shown 
in Fig. 1. With this type of equipment 
a service man has the equivalent of a 
modern laboratory test bench, with 
electrical standards and controls for the 
various circuits. 

*J. Spencer. Maintenance and Servicing of 


Flectrical Instruments. Instruments Publish- 
ing Co., Pittsburgh, 1944. 


A Portable All-purpose A-c. Instrument Test Set 


By J. SPENCER, Foreman, Meter Division, Westinghouse Elec. & Mfg. Co., Newark, N. J. 


Power necessary for this equipment 
comes from a 110-volt 60-cycle circuit. 
With this input, the set is complete 
with controls and standards for testing 
and calibrating a-c. ammeters, milliam- 
meters, voltmeters, wattmeters, power 
factor meters and synchroscopes. The 
set also has a phase sequence indicator, 
continuity test circuit and a “pencil 
soldering” outfit. It weighs approxi- 
mately 35 lbs. and was constructed by 
the writer to fill the needs of instru- 
ment service and maintenance men, 
whose duties often call them to places 
where testing facilities are not avail- 
able. Trade schools, small power plants 
and repair shops should also find such 
equipment of considerable value. 


This test outfit is not available on 
the market. Information given, how- 
ever, should be of value t. instrument 
service men who desire to assemble 
such a set for their own use. It consists 
entirely of readily-obtainable standard 
parts as follows: 

1. One wood carrying case 6” X12”X616”. 

2. One small type (2%-amp.) “Variac.” 

3. One small limiting resistor. 

4. One triple-deck double-contact Yaxley 
switch. 

One triple-deck single-contact Yaxley 


switch 
6. Two small transformers (radio type). 
7. Two midget neon bulbs. 
8. One 0.1-microfarad capacitor. 
9. One set of small spool resistors for 
power factor circuit. 
10. Ammeter. 


11. Voltmeter. 
2. Wattmeter. 

Parts are mounted on an insulating 
panel and are connected electrically as 


in Fig. 2. 





Fig. 1. 
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The all-purpose portable test set, for testing and calibrating a-c. ammeters, 
volemeters, wattmeters, power factor meters and synchroscupes. 


milliammeters, 

















INSTRUCTIONS FOR Uy) 


Fig. 1 shows that switching 
ments and terminal connect 
the various kinds of meas 


are clearly marked. Input inal 
are on the upper right hand er of 
the panel and are marked LIN: 

Voltmeter tests are made w seler 
tor switch B set at the poin arkeq 
VOLTS and with switch D set to the 
voltage range desired. Instru ts th 


be tested are connected to termin 
marked VOLTAGE and the Varia 
to control and vary the potentia 


Ammeters.—To test or calibrate am. 


meters, the instrument to be tested 
should be connected to the terminals 
of the set marked CURRENT. Selector 


switch B should be set at the point 
marked AMPS and switch D setting 
be at the 150-volt voltmeter point. For 
lower current readings, set the limit 
resistor knob on or below the 5-ampere 
point and adjust the Variac control 
knob for varying the supply. For high 
current readings, adjust the limit re- 
sistor to approximate the desired cur- 
rent and make final adjustment with 
the Variac, 

Milliammeters are tested by connect- 
ing the terminals of the instrument t 
the set terminals marked MILLIAMPs, 


Selector switch B should be set on the 
voltage point and the setting of selector 
switch D should be on the point marked 
M.A, The voltmeter is calibrated in 





milliamperes as well as volts and hence 
serves as the milliampere standard 
with settings and connections as out- 
lined. Here again the Variac is tl! ! 
trolling mechanism. 


Wattmeters.—Connect the series cir- 
cuit of the wattmeter to the terminals 
marked CURRENT and the wattmeter po- 
tential circuit to the terminal marked 
VOLTAGE. Set selector switch B on point 
marked WATTS and selector switch D 
on the 150-volt or 300-volt point marked 
ON WATTMETER. The point selected will 
be determined by the potential 
of the instrument under test. A t 
switch marked 5-AMP. and 10-AMP. 1s 
provided to take care of test il 
ments of different current coil ratings. 


With these settings and connections, the 
set is ready for wattmeter testing, the 
Variac being used to increase le- 
crease the current and hence vary the 


wattmeter reading. 


Power Factor Meters are tested by 
connecting the series circuit of the 1 
strument to the terminals of t set 
marked current and the potential t 
minals of the instrument to the e 
sponding A,B,C terminals marked 
ER FACTOR. Selector switch B shou'd be 


set on the point marked POWER FACTOR 
and the toggle switch marked 5 MPS 
and 10 AMPs should be set to the side 


corresponding nearest to the cu 
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rating of the instrume;t. The current 
applied to the instrument may be con- 
tolled by manipwating the Variac 


m ihe portable test set. 


knob and the current input to the power 
factor meter will be indicated on the 
ammeter of the test set. Power factor 


indications are varied by setting selec- 
tor switch A on the point (percent pow- 
er factor) desired and flipping the tog- 
gle switch marked LAG and LEAD to the 
side required. 

Synchroscopes can be tested by using 
the milliampere arrangement of the set 
when adjusting or equalizing the two 
branches of the split-phase circuit of 
the test instrument. The synchroscope 
can then be set for bucking, that is the 
12 o’clock position, by connecting the 
incoming machine and the running ma- 
chine terminals of the synchroscope to 
the terminals of the set marked VOLT- 
AGE and normal voltage applied. 

Phase Sequence of a polyphase cir- 
cuit may be checked by connecting the 


circuit leads to terminals on the set 
marked PpHASE SEQUENCE. Assuming 
A.?. whase rotation, the lamp marked 


\ vill light if connections are made as 
incicated. This means that phase A 
leads phase B, phase B leads phase C, 
etc. If the leads are not connected as 
indicated, the other lamp will light and 
leads should be interchanged until lamp 
X lights. 

Centinuity checks can be made by 
connecting test leads to set terminals 
marked LIGHT CIRCUIT. Closed circuits 
will be indicated by a light from the 
lamp seen through aperture near the 
phasing lamps. 


Since pencil soldering has been found 
so useful in instrument work, provi- 
sions are made in the set for this pur- 
pose. The leads for pencil soldering 
may be connected to the marked ter- 
minals at the right side of the panel. 


A Supply and Control Unit for Electrical Instrument 
Testing and Calibration 


By J. SPENCER, Foreman, Meter Division, Westinghouse Elec. & Mfg. Co., Newark, N. J. 


FN a previous article the writer de- 
scribed an all-purpose a-c. portable 
test set. This outfit includes a power 

supply unit with controls and a set of 
electrical indicating instrument stand- 
ards. Since, however, most instrument 
service men have portable instruments 
available as standards, their problem is 
to have at hand a controllable electrical 
source of. supply. 

The simple power supply unit here 
described meets this requirement. It 
will serve to test practically all kinds 
of a-c. instruments. 

This unit can also be used as an 
auxiliary to an industrial analyzer as 
shown in Fig. 1. The added value of the 
analyzer would be as a calibrating test 
set for ammeters, voltmeters, watt- 
meters, power factor meters, and as an 
indicator for checking phase sequence. 
Fig. 1 shows a typical test set-up for 
checking a wattmeter, using an indus- 
trial analyzer as the checking standard. 


Note in Fig. 1 that the instrument under 
as a megawatt scale. 


test Its actual ca- 


pacity is 500 watts: 5-ampere series circuit 
and 150-volt potential circuit. Its calibration 
in megawatts is determined by the ratios of 
the transformers with which it is to be 
used. It is recommended that a standard 
wattmeter having 5-10-amp. and 150-300- 
volt circuits be used with this test set as 


these ratings cover more than 95% of 
switch’ward wattmeters in 


use, 

The arrangement of circuits and con- 
trols is shown in Fig. 2. Fig. 3 is a 
general view of the unit. 





Fig. 1. Power supply unit used in conjunction with a Westinghouse Type TA Industrial Analyzer. 
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This outfit is not a manufactured 
product. With the information given, 
any qualified service man could assem- 
ble a unit of this kind. 


The parts required for this set are 
as follows: 

One 

One 

One 

One 
switch 

One 
switch 

Two small transformers (110/220-v. 75- 
va.) (110/5-v. 100-va.) 

Two midget neon bulbs 

One 0.1-microfarad capacitor 

One set of resistors (see phase sequence 
liagrams Fig. 3) 

These parts (other than the wood 
case) are mounted on an insulating 
panel and are connected electrically as 
shown in Fig. 2. 

From a study of the circuit diagram, 
Fig. 2, it will be seen that by a simple 
switching arrangement, the same con- 
trols and supply are used for the many 
different kinds of a-c. instrument tests. 
The photograph, Fig. 3, shows the ter- 
minal connections, switches and con- 
trols clearly marked to simplify the use 
of the unit. The input terminals marked 
LINE are conveniently located in the 
center of the set. As a further means 
of understanding the workings and con- 
nections of the test unit, a few of the 
uses are outlined. 


For ammeter testing, switch A should 
be set on position marked AMPs. This 
connects the primary of the Variac 
across the supply line and the second- 
ary across the primary of the current 
transformer. With this setting, the out- 
put at the terminals marked CURRENT 









wooden carrying case 

small type (2%-amp.) “Variac” 
small limiting resistor 

triple-deck double-contact Yaxley 


























triple-deck single-contact Yaxley 
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Fig. 2. Wiring diagram showing connections of various elements of the power supply unit. 


may be controlled by the use of the 
Variac in the set. 


Voltmeters may be tested by connect- 
ing to the set terminals marked A and 
C. For this purpose, switches A and B 
should be set at the points marked 
voLTs. This places the control Variac 
primary across the line and the second- 
ary across the primary of the potential 
transformer of the set. 


Fig. 3. Portable unit which provides a controllable source of a-c. power. 


Wattmeter current terminals should 
be connected to the current terminals 
of the set and wattmeter potential ter. 
minals connected to terminals A and ( 
of the set. Switch A is set at the point 
marked WATTs and switch B at the set- 
ting marked voLTs. With these connec. 
tions and settings, the Variac is used 
to vary the current output of the set 
and hence change the wattmeter indi- 
cations. The same connections are use 
for polyphase wattmeter test using the 
single-phase test method as outlined in 
a recent book* by the writer. 

Power factor meter test connections 
are instrument current terminals to 
set current terminals and _ potential 
terminals A,B,C of the instrument to 
the set terminals A,B,C. The switch 
settings should be the P.F. point on 
both A and B switches. With these con- 
nections and settings, the current out 
put of the set is held constant and the 
Variac is used to divide the voltage 
between A B and B C. 

When the Power Supply Unit is used 
as an auxiliary to the Industria! Anz 
lyzer the connections are as follows: 
Terminals A,B,C otf the set are CoM 
nected to line terminals A,B,C of the 
analyzer, current terminal No. 1 of 
the set is connected to line term nal A 
of the analyzer and current te minal 
No. 2 of the set is connected to !oad 
terminal A of the analyzer. 

For Phase sequence checks, th 
procedure as outlined in my p! 
article on the a-c. all-purpose t 
should be followed, as the indica 
both sets are identical. 

This device also includes a circ’ 
connections for a “Pencil Sc 
Set,” an extremely useful tool. 
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*J. Spencer. Maintenance and Se: viciné 
of Electrical Instruments. Instrument FU’ 
lishing Co., Pittsburgh, 1944. 
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* PUSI Tio 
‘ TES! 
‘ R TEST 
3 . ror Tesy 
"| BB M.S 
LEC: RICAL instruments are 
am the most important peace- 
time devices now used in fighting 
.juipmer'. Mechanized warfare would 
ardly be possible without them. Their 
aijure may mean the loss of life or 
ne destruction of vital fighting equip- 
vent. Tovey must, therefore, be accu- 
ate and eliable. 
For the best results it is necessary 
» obtain instruments suitable for the 
ppplication, and they must be correctly 
TWO-POSITigy ppplied. A brief review of instrument 
MITCH securacy under different conditions and 
» discussion of the more important fac- 
ors which affect instrument perform- 
ince may be timely and useful. 


INITIAL ACCURACY 


It has been the custom for a number 
of years to state the accuracy of most 
electrical measuring instruments in 
vercent of the full-scale value. For ex- 























ly unit, 

ple, a one-ampere instrument having 
als should the zero point at the end of the scale, 
terminals hich is rated as 2% accuracy, would 
ential ter.gmeave an allowable error of 0.02 ampere 
: A and came! any point on the scale. In the case 
the point of instruments with the zero point in 
at the get-mtne center of the scale the accuracy is 
se conner.ecxPressed as a percentage of the sum 
1c is use(™e! the full-scale readings to the right 
»f the getmand left of the zero point. For example, 
eter indj.q™@2” instrument rated 0.5-0-0.5 ampere 
- are usajqmand 2° accuracy has an allowable er- 
using theg or of 0.02 ampere at any point on the 
utlined in fmgscale. 

The reason for stating the accuracy as a 

q percentage of full-scale value is that errors 
nnections HM resulting from friction of the bearings, in- 
ninals toMMaccuracies in reading the scale, and those 
potential ##due to incorrect positioning of the gradua- 

tion lines on the scale, etce., are independ- 
ument to : 

veld ent of the scale reading. Since errors of this 

eS ow type may be of the same magnitude for any 
point onMMscale point they would, if the accuracy were 
hese con- stated as a percentage of the point read, 
rent out become an increasingly greater percentage 
- and the as the scale reading decreases. An instru- 
‘rei ment, therefore, which has a friction error 
» voltage MB of 0.1% of full-scale value would have an 

error of 1% of the point at 10% of the 
t is used Me Scale, and 10% of the point at 1% of the 
del Anis scale reading. If this system were used it 
: 1, _ gg ould be necessary to have a different ac- 
follows: MB curacy rating for different scale points. This 
are CON MP world be impractical. 
> of the The following are exceptions to the 
jo. 1 of Mrule of stating the accuracy as a per- 
minal A centage of the full-scale value as cov- 
terminal Hered by American Standards for Elec- 
to load {trical Indicating Instruments C39.1, is- 

sued by the American Standards Asso- 
he same HM ciation: 
previous 1, The accuracy of a frequency meter 
test set shall be expressed as a percentage of the 
ators in Mm 'Ddicated frequency. 

2. The accuracy of a power-factor meter 
cuit and shall be exnressed as a pure number (pref- 
ope frably a decimal fraction). 
oi cering 3. The accuracy of a phase-angle meter 

shall be expressed in electrical degrees. 
or vicing 4. The accuracy of an ohmmeter shall be 
at. Pub sor ed as a percentage of the scale 
enet} 





Che SIGNIFICANCE of ACCURACY of 


Electrical Indicating Instruments 





EDITOR’S NOTE — ‘“‘Confession is good 
for the soul.’’ I confess that when I re- 
ceived this article my impulse was to reject 
it in view of the rigid WPB paper-limitation 
orders and the number of _previously- 
accepted articles. The original manuscript 
consisted of 25 typewritten pages and eight 
illustrations (at first glance ‘‘commercials’’). 
It seemed to contain no topic not yet dis- 
cussed thoroughly in Instruments. Its title 
was uninviting. Its emphasis on the old 
C39.1 without even a mention of War 
Standard C39.2* seemed biased. Oh, I 
thought I had lots of reasons for not giving 
precious Instruments space to “‘old stuff.’’ 
But when I read it line-by-line critically, I 
discovered its value—and so will you! In 
spite of its title it is a PRACTICAL dis- 
cussion of accuracy. It explains ALL im- 
portant factors: just glance at this liste——>» 
Its author understands the USER’s prob- 
lems. Finally, it goes beautifully with the 
foregoing articles by Spencer on calibration 
set-ups. —M. F. Béhar 
*See Instruments, April 1943, 











The accuracy of instruments varies 
with the class and size. The accuracy 
of indicating instruments as covered by 
ASA Specification C39.1 is given below: 


The initial accuracy of alternating and 
direct current instruments through the 
measurement range* at the reference tem- 
perature of twenty-five degrees Centigrade 
and with the instrument in its normal posi- 
tion shall be as follows: 

Limits of 
Initial Accuracy 
Switchboard instruments having 


a scale length less than 4%..”.. 2% 

Switchboard instruments having 
a scale length greater than 4%” 
Ammeters, voltmeters and wattme- 
WN aoa chek cee ect eek Wea arean ss 1% 
Power-factor Meters, 1/5 rated 

Current and QDOVE......csacsecs 0.01 p.f 
Frequency Meters, 60 Cycles...... 0.5% 
Frequency Meters, 25 Cycles...... 1% 

Portable Instruments Grade A Grade B 
VGIEIGIOTE ci iewcecaevs 0.3% 0.8% 
Ammeters and Milliam- 

BNO 6.66 cis anne os 0.5% 0.8% 
Wattmeters (single- 

ERM. Ge Uielod, c.00¥ a5 0.3% 0.8% 
Wattmeters (polyphase) 0.5% — 


A Grade A Portable Instrument is defined 
as a portable instrument intended for uses 
which warrant the best available commer- 
cial instrument as to accuracy under nor- 
mal conditions and as to low values of the 
various apnlicable influences, 

A Grade B Portable Instrument is defined 
in general as a portable instrument in- 
tended for uses for which moderate accu- 
racy and moderate values of the various 
applicable influences are sufficient. 

Additional Accuracy Tolerances, Switch- 
board Instruments Used with Instrument 
Transformers. When a switchboard instru- 
ment is used in connection with one or 
more current transformers or with one or 
more voltage transformers, an additional 
accuracy tolerance of 1% shall be added 
to the limit of accuracy for the instrument 
proper. When a switchboard instrument is 
used with both kinds of transformers, the 
additional accuracy tolerance shall be 1.5%. 





*The measurement range is not covered 
by ASA Specifications. It is usually taken 
as the comnlete scale range for instruments 
having uniformly graduated scales and the 
upper 4/5 of the linear lensth of the scale 
for instruments having non-uniform scales. 


VILSON, Designing Engineer, Instrument Engineering Div., West Lynn (Mass.) Works, General Electric Co. 


CAUSES OF ERRORS IN INSTRUMENTS 


It is important that the user realize 
that the “initial” accuracy of an in- 
strument may not obtain under some 
conditions of use and that precautions 
are necessary to insure the highest ac- 
curacy. The more important factors 
that affect the accuracy of indicating 
instruments are as follows: 

1. Readability 

2. Position Error 

Effect of Electromagnetic Fields 

Effect of Ambient Temperature Changes 

Electrostatic Effects 

Effect of Self-heat 

Effect of Changes in Frequency for A-c 

Instruments 

8. Effect of Changes in Voltage on Accu- 
racy of Wattmeters, Frequency Meters 
and Power-factor Indicators 

9. Iiffect of Wave-form on Accuracy of 
A-c. Instruments 


1. Readability 

The readability of an instrument is 
determined principally by scale length, 
layout of scale, type of pointer, dis- 
tance of pointer from scale, and 
whether or not the instrument is pro- 
vided with an anti-parallax feature 
such as offset scale or mirror scale. 
(The parallax error is that which is 
caused by moving the eye in relation 
to the pointer.) 

The scale length should be such that 
the reading error does not use up a 
large part of the accuracy tolerance. 
For example, in a given small-size 
panel instrument, the scale length is 
1.6”. The maximum reading error as 
found by ten observers was %%. With 
an accuracy rating of 2% (which is 
normal for such an instrument) this 
permits 3% of the accuracy limit to be 
used up in reading the instrument and 
the remaining accuracy limit for all 
other errors. To rate such an instru- 
ment as “1% accuracy,” for example, 
would require that all other errors be 
eliminated, which is impracticable in 
this class of instrument. 

As another example, a portable in- 
strument intended for precision meas- 
urements, such as the General Electric 
Type DP-2, is rated as 0.2% initial ac- 
curacy. The maximum reading error 
for ten observers in this type of in- 
strument was 0.07%, a little more than 
% of the total allowable error. For this 
type of instrument the other errors 
under normal conditions will not exceed 
the remaining 0.13%. In an instrument 
of this accuracy classification it is de- 
sirable to provide means by which the 
instrument may be read to at least 
0.1% accuracy. In the Type DP-2 in- 
strument these consist of a scale 5” in 
length, a knife-edge pointer and mirror 
scale to eliminate the parallax error. 
By lining up the pointer so that it 
hides its image in the mirror the eye 
is exactly over the pointer and con- 
sistent readings can be obtained. 


Io oe oo 
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Still another example is the 4%” 
instrument (switchboard type) rated 
1% initial accuracy. In this new design 
of a “concentric scale” instrument 
which General Electric placed on the 
market four years ago, the scale length 
is in general 6%”. To accomplish this 
a pointer deflection of 240° is used as 
compared to the normal 90° to 100° 
scale. This means that the readability 
has been increased in the order of two 
and one-half times. The long scale 
length, together with the offset scale 
as shown in Fig. 1, permits reading 
the instrument at a considerable dis- 
tance with negligible readability error. 





| 


Fig. 1. G.E. Concentric-scale 
switchboard instrument, 41/4” size. 


Type DB-12 


2. Position Error 

In general this error is caused by 
the “out-of-balance” of the armature. 
To prevent it, the mechanical balance 
of the armature must be so adjusted 
that the pointer will maintain the same 
reading within reasonable limits even 
though the instrument is tilted at an 
angle from the normal operating posi- 
tion. This error is minimized by using 
balance weights on the moving system 
which are accurately adjusted by the 
manufacturer and stay put in use. It 
also is necessary that the armature be 
stabilized so that temperature and 
humidity changes met with in service 
will not upset the original balance. 
This requires careful selection of ma- 
terials, correct alignment of parts, and 
careful heat treatment in order to in- 
sure permanency. In instruments where 
the magnetic field in which the arma- 
ture turns is non-uniform, position 
error may result from the side play 
in the bearings which permits the ar- 
mature to move sideways in the non- 
uniform field with consequent changes 
in torque for different positions of the 
instrument. 

The maximum allowable error of 
this class, as specified in the American 
Standard C39.1, is 1% of scale length 
for portable instruments and 2% of 
scale length for switchboard instru- 
ments when the instrument is inclined 
80° in any direction from the normal 
operating position. It therefore is im- 
portant that the user maintain the in- 
strument in essentially the normal op- 
erating position to obtain the maximum 
accuracy. 
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Fig. 2. G.E. Type DP-2 portable millivoltme- 
ters with cover removed showing shield partly en- 
closing the element. 


8. Effect of Electromagnetic Fields 

Most electrical instruments operate 
on the principle of interaction of fluxes. 
A typical example is the permanent- 
magnet moving-coil type of d-c. instru- 
ment where the flux from the magnet 
interacts with the flux due to the 
current in the armature winding, caus- 
ing the armature to turn on its axis. 
If an electromagnetic field is super- 
imposed on the magnet’s field, the 
strength of the latter may be altered 
and the accuracy of the instrument 
impaired accordingly. This error may 
be positive or negative depending on 
the relative direction of the two fields. 
In a-c. instruments a similar condition 
exists, except that the interfering field 
of either direct or alternating current 
may affect the accuracy. The three 
principal methods of reducing this er- 
ror in electrical indicating instruments 
are as follows: 


D-c. Instruments 

1. Shield the element with a high-perme- 
ability magnetic material. 

2. Use a self-shielding design of magnetic 
system. 

3. Use a material for the magnet and a 
design of magnetic system which produce 
a high-strength useful fleld. 


A-c, Instruments 

1. Shield the element with a high-perme- 
ability magnetic material. 

2. Wind field and armature coils astatic- 
ally. 

The shielded type of element ccnsists 
of a shell or enclosure of a high-perme- 
ability magnetic material which partly 
encloses the element. A typical shielded 
element of a portable high-accuracy 
instrument, Type DP-2, is shown in 
Fig. 2. This method is effective but 
adds weight to the instrument. 

In a field of five gausses (approxi- 
mately equivalent to the field 12” from 
a conductor carrying 750 amneres) the 
error in a typical Type DP-2 instru- 
ment mentioned above is approximately 
0.7% as compared to approximately 
2.5% for the same instrument with no 
shielding. With the self-shielded type 
of magnetic element used in the Gen- 
eral Electric Type DP-9 instrument, 
shown in Figs. 3 and 4, the error is 
approximately the same as with the 
shielded type. This latter design re- 
sults in a lighter weight instrument 
which is of practical value in the port- 
able types. This is made possible by 











Fig. 3. Concentric-magnet system used in G 
medium sized portable instrument type DP.9, 1% 
A—Soft iron ring, return circuit for magnet 

and shield. 
B—Alnico magnets. 
C—Soft steel core. 
D—Thin steel pole piece. re, 
E—Air gap for moving coil. ai 
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Fig. 4. G.E. Type DP-9, showing self-shieldin ae 

element. AS.A 
the unique design of magnetic syste G 
shown in Fig. 3, and the use of high “" 
coercive-force Alnico magnets. a 


In designing electrical instrument 
it is desirable to keep the strength 0 
the fixed field as high as pos in 
that the effect of the interfering fdqy 
will be minimized. This is done by w te 
ing the correct relative dimensions 1 v 
the magnet, length of air gaps, ang srea 
proper selection of materia! for th 
magnets in the case of the permanent Wa 
magnet moving-coil type of instrument Fré 
In a-c. instruments, one method o 


sible gs 






complishing this is by utilizing hig. 
permeability magnetic material in th “4g 
field circuit. Such a design is showmm >" 
in Fig. 5. nae 
It is possible to reduce the effect of mers 
external electromagnetic fields in soma a 
types of instruments by winding te 
coils astatically. In an electrodynamt — 
type of voltmeter, for example, two ” : 
tential coils may be used in the arm ner 
ture instead of one, and the coils wound *® vo 
opposite in direction so that voltages E 
induced from an external field wil! gm © ° 
equal and opposite in the two coils ane type 
will cancel. The chief difficulty withf™ of 1 
this type of instrument is that it sm #t¢ 
usually larger and more complicatedgm 
than other types using magnetic shield f 
ing. Therefore, few modern instr usu 
ments are being made with astatt ¥ 
windings. mer 
In using unshielded instrum - 
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Fig. 5. G.E. Type AP-9 portable wattmeter— 
cutaway view showing element construction. 
A—Laminated field. 
B—Field coil. 
C—Armature. 








to make sure that high-current conduc- 
tors are not located sufficiently near 
the instruments to cause objectionable 
errors. In portable instruments, shield- 
ing is particularly important since they 
are more likely to be used in electro- 
magnetic fields which may cause errors 
without the knowledge of the user. The 
maximum allowable error due to an ex- 
ternal field of 5 gausses for different 
classes of instruments, as covered in 
A.S.A. Specification C39.1, are as fol- 





lows: 
Grade A Portable Instruments... 0.75% 
Grade B Portable Instruments... 5.0 % 
Switchboard Instruments 
Metal case switchboard instruments of 
scale lengths of 2%” and longer shall be 
shielded from magnetic flelds. The error due 
to an external field of 5 gausses shall not 
exceed the following values: 
All direct-current instruments.......... 1% 


Alternating-current instruments: 
Voltmeters having a scale length 


greater than 2%” but less than 416”...5% 
Voltmeters and ammeters having a 

scale length 4%” and longer.......... 4% 
WERT os 63s hbk oe XA nia s ee Nes 4% 
BYOGUGHEY Geetere. Lasndce tir cesues 25% 
Power Factor Meters..........- 0.003p.f. 
Magnetie shielding is not required for 

instruments having insulating cases. 


Since d-c. instruments of this latter 
class will not read the same when 
mounted on magnetic as on non-mag- 
netic panels, it is necessary to take this 
into consideration when applying these 
instruments, To eliminate this error it 
1s customary to calibrate the instru- 
ment on the type of panel on which it 
is to be used, 

Errors of this character may amount 
to as much as 6% for flush-mounted 
type instruments when used on a panel 
of magnetic material %” thick if they 
are not calibrated accordingly. With 
a-c. instruments, errors due to the use 


of panels of magnetic materials are 
usually negligible. 

When two or more unshielded instru- 
ments are used, they should not be 
Placed close together so that their fields 
Interact. For 31%” size permanent-mag- 


net moving-coil type instruments a dis- 
tance of at least 5” between centers 
should be maintained for instruments 
utilizing low-coercive magnets, and at 
least 8” for instruments utilizing high- 
coercive magnet materials. For the 
2%” size, the distances should be 4” and 
7” respectively if maximum accuracy 
is to be expected. 

Correctly shielded instruments can, 
of course, be used in close proximity 
to each other and can be used inter- 
changeably on magnetic or non-mag- 
netic panels, without loss of accuracy. 


4. Ambient Temperature Errors 

The principal causes of ambient 
temperature errors in indicating in- 
struments are: 

1. Changes in resistance of the element 
circuits. 

2. Changes in 
rectifier and thermocouple type 
(Ambient temperature errors 
and thermocouple instruments 
cussed later.) 


2 


3. Changes in torque spring 


magnet strength of d-c., 
instruments. 
in rectifier 
will be dis- 


strength. 


Changes in Resistance of the Ele- 
ment Circuits. Copper or aluminum 
wire is most commonly used in the 
moving coil and field coils of indicating 
instruments and the change in the re- 
sistance of these materials is approxi- 
mately 0.4% per degree Centigrade, 
which means that if copper or alumi- 
num were used throughout the circuit, 
for each change of 1°C. there would be 
an additional error of 0.4%. To reduce 
this error a material such as manganin 
or copnic, which has a low temperature 
coefficient, is generally connected in 
series with the armature. Over the 
usual temperature ranges the change 
in resistance of these materials is 
generally less than 0.003% per degree 
Centigrade. Thus, if the value of the 
resistance of the low-temperature-co- 
efficient material which is used in 
series with the copper armature coils 
is three times the armature resistance, 
the overall temperature error will be 
approximately 0.1% per degree Centi- 
grade. The ratio of the resistance of 
the low-temperature-coefficient material 
to the resistance of the armature is 
kept as high as practicable to minimize 
errors from this source. 


Changes in Magnet Strength (Per- 
manent-magnet Moving-coil Type In- 
struments). When the temperature of 
a magnet is increased the strength de- 
creases. This decrease is usually of a 
temporary nature for moderate changes 
in temperature. For a typical magnet 
material the change in strength is ap- 
proximately 0.025% per degree Centi- 
grade change in temperature. The error 
due to the magnet is usually slightly 
smaller than that caused by the spring 
but is of such a direction that the two 
errors tend to cancel. 


Changes in Spring Strength. As the 
ambient temperature is increased the 
torque of the control spring on the 
armature becomes weaker. This de- 
crease in torque is in the order of 
0.04% per degree Centigrade for a 
typical indicating instrument, as the 


temperature is increased. In d-c. in- 
struments mentioned previously the 
resultant effect of the spring and mag- 
net errors would be 0.015% per degree 
Centigrade. (In a-c. instruments the 
error due to the change in torque of 
the control spring is opposite in sign 
to the errors caused by changes in re- 
sistance of the element circuit.) 

The resultant errors due to ambient 
temperature changes depend upon the 
overall balance of the various elements 
of the design and proper selection of 
constants for the circuits. It is that 
class of error which is not apparent 
to the user unless careful tests are 
made. The user must depend on the 
integrity of the manufacturer to keep 
these errors within reasonable limits. 

Maximum allowable temperature 
errors, as specified by the A.S.A. (Spec. 
C39-1) for different classes of instru- 
ments, are given below: 

Change in Indication as Percent of Full- 
scale Due to a Change of 10° C. from the 
Reference Temperature of 25°C. 

Grade A Portable Instruments 


0.2% for voltmeters 

0.3% for ammeters operating from 100- 
mv. or 200-mv. shunts 

1.0% for ammeters operating from 50-mv 
shunts 

Grade B Portable Instruments 

0.4 % for voltmeters 

0.5% for ammeters operating from 100- 
mv. or 200-mv. shunts 

1.5% for ammeters operating from 50- 
mv. shunts 


D-c. Switchboard Instruments 
0.35% for instruments having one or more 
voltage circuits 
1.0% for instruments having one or mors 
current circuits 
A-c. Switchboard Instruments 
0.25% for ammeters, voltmeters 
wattmeters 
0.35% for frequency meters 
0.005p.f. for power factor meters 


and 


5. Electrostatic Effects 

An electrostatic charge on the glass 
window (usually set up by rubbing) 
may cause the pointed to deflect a con- 
siderable distance from its correct posi- 
tion. Such a charge can usually be 
dissipated by “breathing” on the glass. 
Plastic windows, unless made of spe- 
cial static-free materials or materials 
specially treated, may cause excessive 
electrostatic-effect errors: it frequent- 
ly is difficult and sometimes impossible 
to remove the charge on plastic win- 
dows without removing the window 
and “breathing” on it or using a simi- 
lar means to remove the charge on the 
inside surface. A single spot on the 
window may become charged with the 
remaining area clear of any charge. 
Once more the user must depend upon 
the manufacturer to use a material 
and so treat it that this effect, if pres- 
ent, can at least be removed as easily 
as from a glass window. 


6. Self-heat Errors 

In the operation of electrical instru- 
ments heat is dissipated by the in- 
strument to an extent depending on the 
type and design of instrument. The 
heating in a milliammeter for example 
is usually small, whereas in a high- 
rated self-contained ammeter or high- 
voltage low-resistance voltmeter the 
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heating is considerably higher. The 
effect of this heating on the accuracy 
of an instrument depends upon the de- 
sign of the electric circuit, sensitivity 
of the element, relative position of the 
heat-generating parts, and the material 
used in the case. When these factors 
are given proper consideration the 
final instrument should, where the self- 
heat effect is sufficient to affect the 
accuracy, be calibrated under such 
conditions as to average the effect of 
the heating errors. This may be done 
by maintaining the instrument at a 
given scale point for a sufficient time 
before calibration so that the errors 
due to self-heat are properly balanced 
for the different points on the scale. 
Maximum allowable errors due to self- 
heat for portable instruments, as cov- 
ered in A.S.A. Specification C39.1, are 
as follows: 
Portable D-c, 
Grade A, 0.1% 
Portable A-c. 
Grade A, 0.2%; 


Voltmeters and Ammeters: 
; Grade B, 0.2%. 
Voltmeters and Ammeters: 
Grade B, 0.5%. 


Portable Wattmeters: Grade A, 0.1%; 
Grade B, 0.5%. 

Grade A Portable Frequency Meters, 
0.1%. 


7. Effect of Changes in (power) 
Frequency (A-c. Instruments) 

For a-c. instruments designed for 
use on power frequencies the principal 
errors due to changes in frequency 
result from changes in the reactance 
of the element circuits, permitting 
more or less current to flow (depending 
on whether the frequency increases or 
decreases) and consequently changing 
the torque. To minimize this effect a 
resistance is usually connected in series 
with the element in the potential cir- 
cuit. This resistance is usually made 
large as compared to the reactance, to 
“swamp out” changes in reactance. 

In modern design of instruments the 
errors due to normal variations in 
frequency are usually negligible. Maxi- 
mum allowable errors as given in 
A.S.A. Specification C39.1 for a de- 
parture of +10% of rated frequency 
are as follows: 

A-c. Portable Instruments 

A-c, Switchboard Instruments 

(except Frequency Meters and 
Single-phase Power Factor 
Meters) 


wee eee eee eee eee ee 


Effect of Changes in Voltage on the 
Accuracy of Wattmeters, Frequency 
Meters, Temperature Indicators and 
Power Factor Indicators 

Errors in wattmeters and varmeters 
due to changes in voltage over the nor- 
mal operating range of voltage should 
be negligible in well-designed instru- 
ments. However, with wide excursions 
beyond either end of the operating 
range, errors may result from the con- 
sequent variations in self-heating con- 
ditions and, in the case of iron core 
instrument systems, due to non-linear 
behavior of magnetic circuits. These 
errors are, however, usually unim- 
portant. In instruments which employ 
the ratio principle such as frequency 
and power factor meters and some 
forms of temperature indicators, vari- 
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ations in voltage may produce errors 
due to disturbance of the ratio of the 
current in two or more of the instru- 
ment circuits. Errors in instrument 
indication may also result if the torque 
of the lead-in spirals on the armature 
is excessive due to incorrect design. 
Errors of this type may be either posi- 
tive or negative, and also vary in 
magnitude at different points on the 
scale. 

The maximum allowable errors due 
to variations of +10% in voltage as 
covered in A.S.A. Specification C39.1 
are as follows: 


Portable Wattmeters......... 0.25% 
A-c. Switchboard Instruments 

(Over the measurement 

range) 
I oie wah se bane vam 0.5% 
Frequency Meters............ 0.25% 
Power Factor Indicators..... 0.005% 


9. Effect of Wave-form on the Ac- 
curacy of A-c. Instruments 


Errors in a-c. indicating instruments 
due to departures of the wave-form 
from that of a sine wave vary con- 
siderably with the design of instrument. 
For a number of years the electro- 
dynamic type of a-c. instrument was to 
be preferred from the standpoint of 
low wave-form errors. With the advent 
of the high-permeability magnetic ma- 
terials, however, the magnetic-vane 
type of instrument has been developed 
to a point where it is entirely satis- 
factory. In the higher rated ammeters, 
the overall performance is probably 
superior. A portable voltmeter utiliz- 
ing high-permeability magnetic ma- 



































Fig. 6. Element for G.E. Type P-3 


a—High-permeability armature _ = 
b—Internal shield. 
terials for the vanes is shown in Fig. 
6. (The wattmeter shown in Fig, 
utilizes a similar material in the fiel 


circuit.) 


With the exception of the rectifier. 


type instruments discussed below, 
struments of modern design are 
general 
due to wave-forms generally 


tered in commercial power circuits. 


THERMOCOUPLE- 
INSTRUMENTS 


While it is not within the scope of 


in- 


in 


AND RECTIFIER-TYFE 


reasonably free from errors 
encoun- 


this discussion to cover instruments for 


special applications, the importance of 


thermocouple- and rectifier-type instrv- 


“Multiple-diaphragm Pressure Regulators 
and Their Application”—Erratum 


On page 530 of our September issue the long double equation near the bottom 


of the page (just above Fig. 11) was a misprint. It should read as follows 


P,A; + Pa[(Ai + A2) — Ai] = P3A2+Pe2[(41 + Az) — Ae] 
P\Ai — PoA;— P3A2 — PsA 


This correction has been made in the reprints, available from the author, 


q 
ua 


) 


(Continued on page 652 


H. C. McRae, North American Mfg. Co., 2910 East 75th Street, Cleveland 4 
Ohio. (No reprints available directly from Instruments.) 


“Industrial Temperature Instruments Em 


ploying Electronic Devices” —Addendum 


[Talk by C. O. Fairchild before So- 
ciety for Measurement and Control 
(New Jersey), June 6, 1944; published 
in Instruments, August 1944, pages 
468-472, 496.] 


DISCUSSION AND CLOSURE 


W. H. STEINKAMP (Assistant Gen- 
eral Sales Manager, Brown Instrument 
Co.).—I would like to call to the atten- 
tion of Mr. Fairchild and the Society 
members an error in his description of 
the Brown Electronik Potentiometer. 
Mr. Fairchild stated that it is necessary 
to use shielded extension lead wires to 
protect against strays. This is incorrect 


as it is not necessary to use shic« 
of any kind. Several thousand of 


ling 


Brown Electronik Potentiometers a1 


fay 


now in service and have been 
periods as long as three years, all 
standard extension leads and wit 
any form of shielding. 

Cc. O. FAIRCHILD.—I erred in 
ing that “shielding” is necessary. 
should have been said is that “ 
shielding or filtering’ is necessary 
viously, the latter is available on! 
limited speeds of operation but i 
parently quite adequate for the pn 
purposes for which the Brown In 
ment Company is marketing the in 
ment. 
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HE orifice coefficients prepared 
py ine A.S.M.E.-A.G.A. Joint 
Con xittee in conjunction with the 
pyreau © Standards represent one of 
he most «xtensive studies of empirical 
glues in -eneral engineering use today. 
t isa jo) well done, on the whole, espe- 
ially the presentation of basic theory. 
he decision to publish the uncompleted 
work of edgar Buckingham was unique 
snd constructive; and it is in the spirit 
of their solicitation of contributions in 
is field that the following suggestions 
sre offered. 
The greatest (and probably unex- 
hected) complaint with regard to the 


reneral scheme of the coefficients is the 
resentation against Ra (Reynolds 
Number with respect to orifice diam- 
eter). Because of this form, design of 
an orifice becomes a process of cut-and- 
ry selection of orifice diameter, -oeffi- 
ient and corresponding Reynolds Num- 
ber until coincidence is achieved. It en- 
tails at least one check-back and, in the 
case of low Reynolds Numbers in the 
turbulent region, sometimes two or even 
three recomputations. 


SOLUTION FOR ORIFICE DESIGN. 

More specifically, the problem of ori- 
fice design consists of solution of the 
typical equation 
1)  w==0.0997KD?2 (hp) * + 
where 
w= flow rate, lbs./sec., 

Dy = orifice diameter, in., 


h— differential, inches of water 
column, 
density of flowing medium, Ibs./ 
cu.ft., 


K—C/(1—B4) *, orifice coefficient, in- 
cluding velocity-of-approach fac- 
tor, 

8—orifice ratio: De/D;, 

D; = pipe diameter, inches. 


From known values of the installation 


& numerical evaluation of KD> can be 
letermined. Collaterally an expression 
for Reynolds Number is set up, such as 
2) Ra = 15.28 w/(uDe), 

Where 4 = viscosity, lbs./sec.-ft. 

This is evaluated in terms of Do, taking 
the form 
2a) Ra=k/Do. 

Now begins the hunt for a value of Ds 
such that K corresponding to the value 
f R. from equation 2a satisfies the re- 


e 2 Z 
quirement of KD2 from equation 1. 
som orifice computers become very 
1 at it. 

ently with Askania Regulator Co. 
M.E.-A.G.A. Committee nomencla- 


‘ure ‘s followed wherever possible, through- 
ut this article. 


Toward Improving the Utility of the 
A.S.M.E-A.G.A. Orifice Coefficients 


By THEODORE F. FALLS 
Consulting Engineer* 


and 


A substitution in widespread use de- 
rives from 
3) 


whereby equation 1 becomes 
4) w= 0.099787 KD? (hp) * 


This equation is solved for 82K. Use is 
made of prepared tables of 82K for 
various values of 8 against Ra, a sound 
and theoretically rigorous step. This is 
a great improvement, for it eliminates 
computation of 8; but it leaves the 
computer still with the problem of find- 
ing coincidence between Ra, now appear- 
ing in the form 


5) Ra= ki /B, 


and the position of 82K in the table for 
the proper pipe size. 

This is the present stage of the art 
as indicated by published material. 


De== Ds, 


WHY NoT Rp? 


The next step forward is inherent in 
equation 5, of which k; is in reality Rp 
— Reynolds Number with respect to pipe 
diameter. This is the rigid relationship 
for non-compressible fluids (liquids) de- 
rived by other means. It is equally true 
for the compressible gases in terms of 
w, since adiabatic temperature changes 
are hardly sufficient to affect u, if indeed 
the condition could be evaluated in the 
plane of the orifice. 

It is submitted that the orifice coeffi- 
cients K, and the derivation 82K, can 
be ranged against Rp with a resulting 
major convenience in orifice design, no 
loss of precision within the present ac- 
curacy of the data, and without loss of 
effectiveness in other operations for 
which the coefficients are intended. 

The operation of orifice design now 
becomes direct: 

(a) Solution for Rp with the equation 


6) p — 15.28 w/utD1; 


(b) Solution for 8°K in equation 4; 

(c) Immediate identification of 8 in 
a table of 82K vs. 8 for values of Rp; 

(d) Computation of D2 from equa- 
tion 3. 


Is Ry SOUND? 

The theoretical preciseness of the 
use of Rp» with orifices can be debated 
profitably. It can be rigorously derived 
within the empirical equations that 
Buckingham completed, and hence 
proves satisfactory when checked 
against the coefficients he computed 
from them. Direct trial indicates a sim- 
ilar suitability in the categories which 
did not yield to his efforts and hence 
were taken directly from experimental 
data. Our analyses were limited, of 
course, to the generally circulated Fluid 









GEORGE B. BAILEY 
The Hays Corporation 


Meters Committee Reports—the Theory 
(4th Ed., 1937) and the History. 

One matter of great importance de- 
velops when we appreciate the inter- 
relationship of Ra (orifice diameter) 
and Rp (pipe diameter). This is the 
fact that we have not been recognizing 
that line conditions may fall in the 
transitional or even in the viscous re- 
gion for apparently safely turbulent 
orifice velocities. The fault develops in 
the lower 8 values and low Ra numbers. 
Other evidence would lead us to suspect 
that turbulence will not develop at all, 
or only partly, in a jet of turbulent rat- 
ing coincident with stabilized viscous 
line flow. 

Certainly, the fluctuating line pres- 
sure that frequently occurs in the trans- 
sitional region for the pipe should upset 
all orifice coefficients, regardless of the 
Reynolds Number in the jet (or at the 
entering edge of the orifice). This mat- 
ter requires careful experimental study, 
or a re-examination of previous basic 
experimental work. 

The other major service of the coeffi- 
cients is to interpret differential pres- 
sures in terms of discharge rates for 
orifices cut and installed. Reynolds 
Number is again a variable, for veloc- 
ity is a variable. A little thought will 
reveal that there is no advantage of 
convenience in either over the other, in 
selecting the coefficient. Both Rp and R, 
are linear with velocity, the only un- 
known in this case. There are possibil- 
ities of improving the process of com- 
putation, as will appear later, but these 
are independent of the base for Reyn- 
olds Number. 


INVERSE OF REYNOLDS NUMBER OPENS 
EVEN GREATER POSSIBILITIES. 


Turning now to Flange and Corner 
Tap coefficients in particular, we wish 
to point out another possibility hereto- 
fore overlooked, but inherent in the 
work of Buckingham. These coefficients, 
a curve when plotted against Ra or Rp 
(or their logs), and consequently trou- 
blesome to interpolate, are actually hy- 
perbolic, and hence linear when plotted 
against the inverse of either Reynolds 
Number! This is true well within the 
scope of precision of the coefficients 
published in the two sources mentioned 
above, and for all values of 8 and all 
listed pipe sizes. 

In making the analyses which led to 
these conclusions, it was found that 
105/Ry offered greater convenience, 


since it avoids the extensive decimal! no- 
tation of the number 1/Rp. The new 
“Reynolds Factor” relates to the well- 
understood points of Reynolds Number 
as follows: 
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Reynolds Number 105/Rp 
or) 0 (ultimate) 
100,000 1 
8000 33.3 (Lower turbulent 
limit) 
2150 46.5 (Upper viscous 


limit, prox.) 


The linearity of K vs. 105/Rp yields 
some interesting corollaries. The 
straight line equation becomes, for each 
value of 8 within each pipe size: 

7) Y= Ko[1 + a(105/Rp) ] 

Ko is the intercept of the new form 
and the asymptote of the form current- 
ly in use. In other words, it is K for 
infinite Reynolds Number and for zero 
Reynolds Factor. It varies with P and 
with pipe size, and is common for 105/ 
Rp and 105/Ra. No analysis was under- 
taken to evaluate the trends, as this is 
covered by Buckingham’s equations. 

The slope factor a shows a remark- 
able systematic trend with @ for a 
given pipe diameter, and all pipe diam- 
eters; and with D, for constant 8 and 
for all values of 8. It would appear 
that a little further analysis will yield 
complete correlation. 

Recent theoretical advances indicate 
some other possibilities of analysis 


ERE’S a device which determines 
I?R loss in wire circuits with a 
flick of the finger. 

Cut along the circles to make two 
disks and two rings. Using rubber 
cement, mount the disks on separate 
pieces of cardboard; then, mount the 
two rings on reverse sides of a third 
piece of cardboard. Now punch the cen- 


sts per L000 Fe 
a in Wo Ff Circuny 








SINGLE-PHASE 
LOSS CALCULATOR 


How to Use- 
Sef voli 


wire size 


* 
Copyright by Ka Polen 
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posite Kva. load 
end reed loss of point opposite 


which may yield a direct solution for 


the slope and diameter curves, but it is 
desirable to go back to the experimental 
data for this, since Buckingham’s cal- 
culations are apt to be warped by his 
approximations in setting up his equa- 
tions. 

With tables of Ko and a available, 
the problem of calibrating an orifice is 
simplified. 8 is fixed by Do and D,, and 
Ko and a by B and D,. Hence equations 
6 and 7 may be substituted in equa- 
tion 4: 


/ 105 4D 
8) w==0.0997 BeKo (1 + a——— 
15.28 w 


Evaluating known quantities: 
8a) w/[ky(1+ ke/w)] = h* 
A schedule of w vs. h may be computed 
from this directly, once the lower tur- 
bulent limit is determined in terms of w. 
The Vena Contracta Tap coefficients 
were examined: from the same stand- 
point. The plots of K vs. 105/Rp for 
various values of £ and of D; do not 
yield the same linear system, but are 
apparently an equally systematic set 
of regular curves. It would be out of 
place, perhaps, to record our guesses, 


Calculator Computes I*R Quickly 


By V. W. PALEN, Westinghouse Elec. & Mfg. Co., East Pittsburgh, Pa. 


ter holes and insert a small brass bolt 
to hold the disks in place. Washers will 
help to prevent wear and tear on the 
paper. Tighten the bolt to provide the 
proper pressure on the disks: they 
should hold their settings, yet turn 
easily. A drop of solder applied to the 
nut will make the assembly permanent. 
The calculator solves the single phase 
equation :- 















) Di (hp) * 


but it is important to note t . 
promise, once the general sh», ey % 
acteristics of the curves are rmines 
that the cross-analyses wi : 
consistent as do the Flange 

No study was made for 
or for Radius Taps. 

The foregoing is intended 


wholly conventional alterati n the 
presentation of orifice coef ts, to. 
ward their more widespread ity. It 
describes certain useful ana] vith. 





out undertaking to develop a uy apes 


these analyses formally, partly becayse 
the work was perforce “sec 
and not based on experimenta! data di. 
rectly, and partly because it lesired 
to bring forward other dis« 
the subject. 


* 


The authors wish to acknowledge the 
importance of the collaboration between 
Askania Regulator Company and The 
Hays Corporation in this technica] 
matter. Without this collaboration, 


relatively little of this work would haye 
been completed. 








(Kva/Kv) 2 X 2R=W 
where R is resistance of 1000 ft. of sin- 


gle conductor and W is watts per 10H 
ft. of circuit. The three-phase equatior 
handled by the device is equivalent ti 


the single-phase relationship div 
two. Copper conductor is, of course, thé 
basis of design—stranded on sizes + 
and larger. 
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METHODS BASED ON VARIATIONS 
OF RESISTANCE. 
(Concluded ) 


V-AND-PRESSURE-SENSITIVE RESISTANCE ELEMENTS. 
A change in dimension of an electrical conductor will 
1ange in its resistance. This is necessarily true, 
increase in Jength increases resistance, while an 
a eas cross-sectional area decreases it. 

If the dimensions are changed through the application 
fa force, the resistivity of the material is usually changed 
because of the internal stress. 

For a round wire having a Poisson’s ratio of 0.3 it may 
be sl that if the length is increased by 1.0% through 
an a] | foree, the change in resistance should be 1.7% 
t ange in dimension alone. Of this amount, part is 
lye to increase in length, part to decrease in cross-section- 
actual experiment, however, it is found that the change 
in resistance may be as little as 0.5% or as great as 5.0%, 
upon the material.163 The difference between 
erimental figures and the value computed from 

metrical factors represents the change in resistivity. 

Usually, a material sensitive to linear strain is sensitive 
also to applied hydrostatic pressure; the two effects are 

spectively strain-sensitivity and pressure-sensitivity. 

effect appears to be somewhat larger for small sizes of 
tors than for larger sizes. For the small wire sizes 
commonest use, the precise values for Poisson’s ratio 
and for the compressibility have not yet been determined. 

Application of the principle to the measurement of liquid 
pressures was a direct and obvious consequence of the dis- 
of the property. (Historically, it appears that early 
interest in the problem was aroused at the time the first 
submarine cables were planned.1%4 Academic research was 
in progress before this time; it was realized even then that 
he effect was due to change in properties of the metal as 
well as change in dimension.!45) Such pressures as are 
encountered in extremely high-pressure research can best 
be measured with a resistance-type gage.166 

The sensitive element employed in pressure measurement 
is ordinarily a helically-wound coil, mounted on a suitable 
form and protected by insulating lacquer from the liquid 
in which it is immersed. Since the effect of the pressure is 
exerted on the winding form and on the lacquer as well as 
on the wire, care must be taken in the design of the assem- 
bly to insure that deformation of these parts does not 
deform the wire coil. Precautions must be taken, too, in 
bringing the connecting leads out of the pressure chamber, 
and in the selection of materials and the operation of the 
instrument to minimize errors due to changes in tempera- 
ture. The change in resistance of most materials due to a 
few degrees change in temperature is as great as that from 
fairly high pressures. To reduce this error, manganin wire 
is ordinarily employed in winding the coil; manganin has 
an extremely low temperature coefficient of resistivity. Such 
gaging devices must have their calibrations checked by 
experiment to eliminate the errors from differences in 
construction. 
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ELECTRIC GAGING METHODS 


for Strain, Movement, Pressure and Vibration 


By HOWARD C. ROBERTS, University of Illinois 


Although the application of the principle of stress- 
sensitivity to the measurement of pressure is simple and 
direct, requiring only exposing the wire to the hydrostatic 
yressure, the measurement of force, movement or accelera- 
tion requires that the strain-sensitive resistance elements 
be installed in some manner in which they are subjected to 
the mechanical magnitude to be measured. The measure- 
ment of forces or movements by the direct application of the 
phenomenon to a conducting element is subject to the diffi- 
culty that only tension can be applied to a wire element, 
and also that the movement permissible is limited by the 
elastic constants of the material. In general, therefore, the 
application must be indirect. 

In a direct avplication of the principle to the measure- 
ment of acceieration, a mass suspended by fine wires in 
three mutually perpendicular directions experiences a force 
proportional to the acceleration applied, and the elastic sus 
pension wires in turn experience strain proportional to the 
force. These elastic suspensions are themselves the resis- 
tance elements. Thus the acceleration is represented as a 
variation in resistance—in fact, as the variations in resis 
tance of three elements, so that the directional components 
of the acceleration are resolved at the same time the meas- 
urement is made.!6&7 Since for mechanical 
desirable to maintain tension in these suspensions when 
the system is at rest, and since each is in construction a 
pair of opposing suspensions, push-pull operation is con- 
venient. The gaging element then is a resistance-ratio type. 

Stretched metallic wires have been employed also in 
gages for measuring strain and pressure. One form which 
has had a wide application for engineering use employs 
fine steel wires wound in tension on a two-piece insulating 
support, in such a manner that movement of one portion 
of the support decreases the tension in one coil while in 
creasing it in the other.!168 The movement is introduced 
either by the action of a diaphragm to which fluid pressure 
can be applied, or by attachment of the two parts of the 
insulating former to the member undergoing strain. In 
order to simplify the mechanical construction, a three-coil 
assembly is ordinarily employed, two coils being opposed to 
a third which is equal in resistance to the sum of the first 
two. The assembly is shown in Fig. 73. As ordinarily used, 


reasons it is 


the instrument has a rather high temperature coefficient, 
so that it is necessary to measure the temperature at the 
time of each reading and apply a correction. A separate 
unstressed winding can be installed in the gaging element, 
or the windings employed for strain measurement can in a 
different circuit be used as a resistance-thermometer wind- 
ing.169 

By far the most extensive application of strain-sensitive 
electrical resistance elements has been in the form of resis- 
tance-strip strain gages. These gages, although available in 
many different mechanical forms, are simply strips or 


(167) G. Gerloff. Ueber einen neuer Beschleunigungsmesser 
und Einschwingvorgaenge bei Schwingungsmessern. Forschung auf 
dem Gebiete des Ingenieurswesens, Vol. 8, 1937, pages 143-152. 

(168) E. C. Eaton. Electric Resistance Gage. Engineering 
News-Record, Vol. 107, 1931, pages 615-616. 

(169) R. W. Carlson. Five Years Improvement in the Elastic- 
wire Strainmeter. Engineering News-Record, Vol. 114, 1935, pages 
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wafers of material which may be attached to any convenient 
surface, and which contain electrical resistance elements 
having known resistances and known strain sensitivities. 
The resistance elements may be made of wire, of carbon 
composition, or of metallic films. 

The photograph, Fig. 74, shows several different mechani- 
cal forms of resistance-strip gages. In the background 
appears a lead pencil for comparison of size. At the left 
are three gages made with carbon-composition resistance 
elements; they have base-lengths ranging from %” to 1” 
and resistances ranging from 1,000 to 10,000 ohms. These 
gages are available with base-lengths as short as 1/16” or 





Fig. 74. Resistance-strip Strain Gages. 


as long as several inchés, and their resistances can be made 
as low as 10 ohms and as high as 50,000 ohms. The five 
gages at the right of the picture are wire-type resistance- 
strip gages. Their base-lengths range from 4%” to 1”, and 
their resistances from 120 to 500 ohms. These gages, too, 
ean be constructed in lengths from %” to several inches, 
and with resistances ranging from only a few ohms to 
several thousand. 

In all such resistance strip gages, there must be present 
some insulating supporting material, to which the strain- 
sensitive conducting material is attached, and to which 
the electrical terminals can be affixed. This insulating 
support forms the body of the gage, and is itself attached 
to the specimen by an adhesive. When so attached, the 
gage experiences the same change in dimension as the speci- 
men, and this change in dimension changes the resistance 
of the enclosed element correspondingly. 

The perspective sketches in Fig. 75 indicate the manner 
of construction of the several forms of resistance strip 
gages shown in Fig. 74. In Fig. 75A, the insulated or en- 
closed form of the carbon-type resistance-strip gage is 
shown. This gage is a molded product, made of several 
layers of cloth-reenforced plastic for mechanical strength, 
with a narrow strip of conducting material molded within 
the assembly. Electrical contacts are made at the ends 
through narrow strips of wire gauze molded into the gage 
in contact with the resistance element. To these wire gauze 
contacts the lead wires can be soldered after the gage is 
installed. This gage is mechanica]ly quite robust, and is 
easily applied and removed. Excepting at the ends where 
the contacts are brought out to the connecting wires, it is 
enclosed entirely within insulating material, and the danger 
from insulation leakage is greatly reduced. 

In Fig. 75B is shown the uninsulated carbon-strip gage. 
This gage is ordinarily a thin strip of bakelized paper (or 
similar material) with one surface coated with a carbon 
compound having the desired resistance and strain-sensitiv- 
ity. At the two ends electrical contacts are provided by 
sprayed-on copper or silver terminals, and soldering wires 
to these. Nearly all of the surface of the resistance material 
is exposed. This gage has been widely used, and is quite 
convenient and flexible in its application, but is much less 
robust in use than the form of Fig. 75A. Since most of the 
carbon resistance element is exposed to atmospheric dis- 
turbances and to possible mishandling, and since the leak- 
age paths from the resistance element to the specimen are 
short, great care must be exercised in installing and using 
such gages. Insulating varnishes and waterproofing com- 
pounds have been effectively applied to such gages. 

These are not the only forms of carbon-type strip gages, 
but they are the most popular ones. Some of the available 
gages are thin wafers of solid carbon composition with 
attached terminals at the ends; these must be installed (if 
on metallic surfaces) with a layer of insulating material 
separating the gage from the specimen. In some applica- 
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tions, gages of this sort have been made from ; 
bon resistors ground down to the desired shap: 
the cylindrical resistor elements are installed j; pita, 
ner as to take the applied force in compressio) S 
early work with resistance-strip gages, some of 
were made up in situ by attaching insulating 

to the specimen and applying carbon films to 
slips. 171,172 Move recently, carbon gages ha 
characteristics have been constructed; one 

interesting of these is the so-called “stress gag. 
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transverse sensitivity is deliberately installed to a pre. 


scribed degree. The intent is to provide an indica 
portional to total stress in the specimen, rather tha 


] pro- 


linear 

strain,173 
All presently-used gages in which the resistance materia 
is applied in the form of a flat sheet or a wire grid have 
some transverse sensitivity—that is, change in Ith of 
gage will change its resistance, just as will change in length, 
although in general not to the same degree. Since a strain 
in one direction is ordinarily accompanied by another strain 


of opposite sign at right angles (the Poisson effect) this 
transverse sensitivity can and does introduce error except 
in special cases. In fields of combined stress these factors 
must be carefully considered; no universally applicab 
gage is at present available. 

In Fig. 75, C and D show the two common forms of » 
assembly for resistance strip gages. In C the wire is dis 
posed in the form of a grid, zig-zagging back and fort 
along the length of the gage, with the spacing between ad- 
jacent wires carefully maintained. In D the helical form is 
shown; here the wire is wound on a flat thin slip of 
in the form of a flattened helix, and this helix then 
mounted between two larger pieces of paper. In both as- 
semblies the fine wire forming the strain-sensitive element 
is attached to heavier wires installed as electrical tern 
nals; these are more easily handled and less liable to dan 
age than the fine gage wires. 

The base-length of the wire gage may be made as short 
or as long as desired, within the limits imposed by construc 


yaper, 


tional difficulties. In order to maintain the desired tota 
resistance, a sufficient length of wire must be installed; if 
the base-length is made too short, the gage will become 


extremely wide; as a compromise method, special means 
for maintaining wire spacing and insulation are em} 
A flat helical winding on an insulating card is one such 
means. 

In the construction of wire-type resistance-strip gages 


Vv ed 


it is customary to employ wires of about 0.001” diameter 
and of some material having a low thermal coeffic 

resistivity. Alloys of the constantan type are frequent!) 
used. Their characteristics are favorable to the applicatior 
—they are easily assembled, the wire has a high ductility 


and can be drawn into fine uniform wires, and the materia 


(170) P. J. Rigden. The Properties of Carbon Resist 
ments with Particular Reference to their Behavior Under 
Loads. Journal of Scientific Instruments (London), Vol. 1 
pages 120-128. 

(171) <A. Bloch. New Methods for 
Stresses at Higher Frequencies. Nature 
10, 1935, pages 223-224. 

(172) E. H. Hull, Alternating Stress Measurement b) 
tance Strip Method. General Electric Review, Vol. 40, 1937 
370-380. 

(173) S. B. Williams. 
Society for Experimental 
pages 43-55. 
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(London), Vol. 1 


The Dyadic Gage. Proceedings 
Stress Analysis, Vol. 1, No. 2 , 
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‘he low temperature coefficient of resistivity is a 
, but not a real necessity; the same is true of 


oes re ly high resistivity. 

"The orting material employed is thin paper, having 
oak 3 nical and insulating characteristics. The adhe- 
tee ¥ vhich the gage is assembled varies with the ap- 
icat vhen possible it is convenient to employ a cellu- 
ose aequer or cement. Such a cement is quick-drying 
and ¢ used. Occasionally it is desirable to construct the 
nae tly on the specimen. 

Suc sage has an extremely small mass, and is suffi- 


nt xible in construction to permit application to 
, rfaces. Because of the delicacy of construction, 
the gave is easily damaged before installation; care must 
ed to prevent such damage. After installation, 
: from mechanical damage and from moisture must 
led, just as with other gages. The inertia of the 


nr tec 


be p2 

gage small because of the small mass, and the forces 
jevelopcd by applied accelerations can never be very large. 
In fact, the mass of the terminal wires is greater than 
that of the rest of the gage. 

Both carbon and wire-type resistance-strip gages offer 
some restraint to the movement actuating them, since in 
order to produce a strain in the gaging element some force 
must be applied. And since this force must be transmitted 
through the adhesive with which the gage is attached, the 
adhesive becomes a part of the gaging element assembly— 
the pick-up—and its characteristics must be so considered. 


The same is true of cement employed in gage construction. 

The primary criterion to be employed in the selection of 
the adhesive and the insulating material to be employed in 
a resistance-type strain gage is this: Does it insure that 
the strain experienced by the gaging element is identical 
to that experienced by the specimen, regardless of the mag- 
nitude of that strain, of time and temperature, and of other 
yperational conditions? 

Resistance-strip gages are intended to be applied to a 
specimen or structure and to measure strain only. Any 
other magnitude to be measured must be converted to strain 
and then measured indirectly. 

Force is measured in terms of the strain produced in a 
weighbar, pressure by the strain in a diaphragm, and ac- 
celeration by the strain produced in an elastic member 
flexibly supporting a mass. Some ingenuity is required in 
the construction of these devices for converting other mag- 
nitudes to strain, but in general the applications are quite 





Fig. 76. Pressure-cell Construction. 


straightforward. In Fig. 76 are shown the elastic steel 
members used in a series of pressure-measuring cells, and 
one completed cell, waterproofed. One is a cantilever-beam 
form, the other is a ring-type dynamometer; both perform 
well. The resistance-strip gages are installed at points on 
the elastic member where strain occurs; on the cantilever- 
seam model two gages are used on the two sides of the 
, one experiencing tension at the same time the other 
IS In compression. In the ring-type model four gages can 
be employed if desired. In all instances of such installation 
it is desirable to employ two (or four) gages in opposition, 
connected as resistance-ratio gages. In this manner sensi- 

is increased and temperature compensation provided. 

any application in which only one resistance element 
is employed, unless it is a resistance-ratio element, large 


nea 


err-rs may occur from temperature drift. An installed gage 


suffer a change in resistance with temperature, even 


though the gage alone has a zero temperature coefficient; 
this follows from the fact that the specimen on which the 
gage is installed has a thermal expansion characteristic, 
which will cause the dimensions of the gage to change with 
temperature. By the use of a comipensating gage, or a re 
sistance-ratio gage, this error can be completely compen- 
sated. 

Compensation for temperature change, and for lead- 
length error, is extremely important with resistance-strip 
gages and with all others depending upon stress-sensitivity, 
because of the small change in resistance of the gage with 
applied strain. In most applications, the maximum change 
in resistance due to applied strain will be less than 1%— 
it may be only a small fraction of that 1%. For accuracy, 
therefore, small changes in resistance must be avoided. 
Detailed ccnsideration of this item will be reserved for a 
later section. 

Resistance-strip strain gages, of either the carbon type 
or the wire type, are capable of responding to extremely 
high mechanical frequencies; they have been successfully 
employed at frequencies of the order of 50,000 cycles per 
second. The upper limit of frequency response of such a 
system is dictated not by the gage element but by the as- 
sociated electric circuits and recording devices. 


e 
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$ 5. MISCELLANEOUS FORMS OF VARIABLE-RESISTANCE 


GAGING ELEMENTS 


Of the many miscellaneous resistance-type gaging de- 
vices, most have been based upon principles not widely 
known and upon effects of small and uncertain magnitude. 
Few have achieved satisfactory application in more than 
one installation. There are, however, three variable-resis- 
tance gaging methods which belong in this category and 
which deserve description, either because of their wide use 
or their particular capabilities. 

The first to be described is based upon the fact that the 
ohmic resistance of many materials varies with the strength 
of the magnetic field in which they are placed.165 Of these 
metals, bismuth is most applicable to measurement uses, 
since it shows the effect to the highest degree and likewise 
has the highest stability of those known. The principle has 
been applied to physiological measurements, and also to the 
measurement of magnetic field strength in electrical engi- 
neering.174 Such a device can also be effectively used in 
conjunction with the plate-thickness gage illustrated in 
Figs. 44 and 61 of this work. 

Another is a variable-resistance element in which a ther- 
mally-operated contactor interrupts a circuit periodically, 
thereby changing the average amount of current flowing. 
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Its construction is illustrated in Fig. 77. The wire coil sur- 
rounding the bimetallic strip is a heater element; as cur- 
rent flows through this element the bimetal strip is heated 
and bends; when it has bent until it touches the contact 
attached to the diaphragm the heater element is shorted 
out and cools. As it cools, it straightens, opens the circuit, 
and the cycle begins again. In operation the cycle requires 
less than one second for completion; the exact value de- 
pending upon the distance to which the bimetal strip must 
bend to close the circuit. The current flowing is an inter- 
rupted direct current; its average value is proportional 
to the distance which the bimetal strip must move. Any 
suitable instrument may be used to measure the current; 
usually a thermal device is preferable, because of its sim- 
plicity, ruggedness, and its ability to average the current. 

(Continued on page 626) 


(174) G. S. Smith. Bismuth Bridge Magnetic Flux Meter 
University of Washington Engineering Experiment Station Bulls 
tin No. 93, Nov. 1940. 
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XXIV. TUBE DATA 


As was pointed out in the preceding article, the great 
number of tube types listed in the tables need cause no 
confusion if we remember that all tubes can be grouped 
into a comparatively small number of classifications either 
according to function or cathode-filament voltage. One 
should make it a point to become reasonably familiar with 
the tables in order to derive the greatest possible use from 
them; they really contain a great deal of useful informa- 
tion. Tables of tube characteristics are listed in various 
handbooks, one of the most complete being that in the 1944 
edition of the Radio Amateur’s Handbook, published by the 
American Radio Relay League. 

The tables give the maximum ratings for the various 
types of tubes listed as well as much other pertinent data 
involving their application. In the interest of long tube life, 
filament or heater voltages should always be maintained as 
nearly as possible at the rating given (variations not more 
than 5% either ahove or below rated voltage) and the 





7-PIN ' OCTAL 


Fig. 166. Tube base pin numbering system. These drawings show 
the pins looking at the bottom of a tube base or socket. Pins are 
numbered in a clockwise direction starting with the left cathode 
pin as No. 1 with glass tubes but with the shield pin as No. 1 
with the metal tubes. The metal tubes are characterized by the 
octal base. On the 4-, 6- and 7-pin bases, the cathode pins are 
heavier than the others. 


maximum plate-supply voltage indicated should not be ex- 
ceeded. Furthermore, it is important that a tube be oper- 
ated with the proper negative bias (as indicated by the 
tables) applied to the grid, since failure to do so will not 
only cause failure of the tube but faulty operation. The 
amount of grid bias, as pointed out briefly in the preceding 
article in the case of amplifiers, is largely the determining 
factor as to the class of amplifier operation obtained. 

For the correct use of tubes in circuits it is of course 
necessary to know how the internal elements are connected 
to the pins and how the pins are arranged. Tube bases have 
from four to eight pins for element connections. In all 
except the five-prong and eight-prong types, the two cathode 
pins are heavier than the others, making them readily dis- 
tinguishable and providing an arrangement which permits 
the insertion of the tube in the socket in only one position. 
The pins of all tubes except those of the 8-pin or octal 
base (which is the base developed first for the metal tubes) 
are numbered in accordance with the system shown in Fig. 
166. Looking at the bottom of the base or the bottom of the 
socket, the left-hand cathode pin is No. 1, and the others 
are numbered consecutively in a clockwise direction, ending 
with the right-hand cathode or heater pin. 

The meta! tubes all have 8-pin bases but only those pins 
needed for connections are actually molded into the base, 
consequently a single type of socket will accommodate any 
tube of the metal series. The development of metal tubes 
with the octal base system of pin arrangement created a 
demand for this same type of base arrangement for glass 
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tubes; hence, practically all of the now-used o tn) 
can be obtained with octal bases. Such tubes have the gyg 
“G” attached to the type number. In some cases 
duplicate in characteristics types in the metal s 
this is so, the tube carries the same number as corre. 
sponding metal tube but with the suffix “G” ad Thu 
the glass equivalent of the 6H6 metal tube is kr 
6H6-G. Other “G” tubes duplicate existing ty): 
tubes with old type bases and in still others th , 
new tube with an octal base. In recent years, a tvn; 
socket has been developed for certain of the octal b ; 
Tubes of this kind have a special type of key and 
known, generally, as “loktal” base tubes. 

Many of the tube types found in the tube tabl 
tubes which are rarely used today since they 
superseded by better tubes, but these data on t! 
tubes are necessary for replacement purposes. 

In indicating which element is connected to tl 
pins, it is customary to use the letters, F, F or H, H, f 
fialment or heater, C or K for cathode, P for plate, ete. I; 
multi-grid tubes the grids are numbered accordi! 
position they occupy, the grid neares‘' the cath * 
No. 1, the next, No. 2, and so on. Some tubes, as 1 ha ae 
been noted, are provided with a cap connection on top esp 4 ‘ 
cially when it is desired that the element connect 
cap have very low capacitance to other tube elements, 1 

The standard method of indicating tube arrang 
shown in Figs. 167 and 168, These diagrams represent Ws 
of the bottom of the base or sockets. The disposition of th 
actual tube elements is shown in the inner circle w 
pin arrangement is shown between the inside and t 
side circle. The pins are both numbered and lettered 
letters, as explained, denote the elements, F for filament 
H, heater; C, cathode; G, grid; S, screen; Sup, suppressot 











Fig. 167. Base diagrams of glass tubes. These views are of 

bottom of the bases or sockets. F, filament; H, heater; C, catho 
G, grid; S, screen: Sup, suppresser; P, plate. G1, G2, etc., de 

rids numbered in order from the cathode outward; Gi, Gp, | 
B, etc., denote grids and plates for multi-purpose or twin tu 
having separate sets of elements. Elements having the same s 
scripts belong together. A top cap on the tube is shown by 
external unnumbered connection. 
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4 : Fig 8. Base diagrams of metal tubes. Letters and numbers have 
. r h e significance as in Fig. 167 but with the addition of DP, 
plates; and SH for shield. The shield is the metal envelope 
+} as the tube, in all cases connected to pin No. 1. 
oe ¢ 
tt ee np plate; G1, G2, G3, ete., denote the grids numbered in 
® | rder from the cathode outward; G1, Ge, P1, Pe, etc., denote 
the grids and plates of multi-purpose or twin element 
Ss x tubes; elements having the same subscripts belong together. 
“ : Atop cap on the tube is shown by an external unnumbered 
at connection. 
rm The letters below each tube diagram refer to correspond- 
maa ing letters in the tube tables, so that the diagram of con- 
sn ell a0 nections for any tube listed in the tables is easily available. 
= pe A portion of a tube table is shown in Fig. 169. 
d 4 a In the early days tubes were given arbitrary numbers as 
fered. The Ig they were placed on the market. Now, however, a uniform 
Biasneut numbering system is in effect, which, to some extent indi- 
ippresso cates the nature of the tube. These designations involve a 


—_ 
method 


according to the following simple rules. The first 


For instanee, 1 is used for voltages below 2.1; 2 is 
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number, a letter, and a final number. An example of this 
of numbering is the 2A5. These numbers are formed 


numeral 


ndicates the filament or heater voltage in steps of 1 volt. 


used for 


voltages between 2.1 and 2.9, inclusive; 3 for voltages be- 
tween 8.0 and 3.9 inclusive. The digit 1, rather than the 


Use 


Class-A Amplifier | 


Cless-B Amplifer 
Converter 


Clea-A. Ampliher 
Push-Pull Ampliher 
Pentode R.F. Ampliher 
Pentode A.F. Ampliher 
Sereen-Grid RF | 
Amplifier | 


Bias Detector 


Screen-Grid R.F 
Ampliker 


Mixer 


Indicator Tube 


Triode Unit Amplifier | 
Pentode Unit Ampliher 


Pentode Unit Mixer 


Sereon-Grid R.F 
Amplifier 


Bias Detector 


Cless-A Amplifier 


| 
| 
| 
| 
| 
| 
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digit 2, is used for the 2.0-volt types in order to separate 
the 2.0 and 2.5-volt tubes. 

The letter is used to distinguish the tube type and is as- 
signed, starting with A, in alphabetical sequence. In the 
case of rectifiers, however, the assignment is made starting 
with Z, in reverse sequence. The final number indicates the 
number of useful elements brought out to terminals. Thus 
the 2A5 has five such elements; a heater, a cathode, two 
grids and a plate. By this method then, the designation 2A5 
means a tube with a 2.5-volt filament voltage with 
ments brought out to connection and the first 5 element tube 
of the 2.5-volt series. 

The tubes referred to above are those manufactured fo. 
general experimental and radio For industrial uses 
special lines of tubes have been developed using different 
designations and which are said to be more carefully made 
than the ordinary radio tube, which is not licensed for com 
mercial industrial Each manufacturer uses | 
method of designating such tubes. Thus, the General Elec 
tric Co. will have series of tubes such as PT-841, PT-842, 


5 ele- 


use. 


own 


is 


use, 


FP-52, KC-1, the prefix usually referring to the type of 
tube. Westinghouse, on the other hand, will have tubes 


such as RJ-550, WL-196, KV-676. These industrial type 
tubes in many cases duplicate the characteristics of the ex- 
perimental or radio type tubes, but they are usually 
at very much higher prices. The socket arrangements also 


sold 


are usually quite different and the tubes are not inter 
changeable with those of the experimental type for this 
reason. Industrial tubes, it must be understood, however, 


are no different from any other types of tubes, either in 
principle or size, and the theory of tubes as it has been 
presented in these articles applies to all. A gas-filled tube 
going by the name of Phanatron is still a gas-filled tube 
and if it has two elements it is still a diode. Tubes have 
been classified by various names such as Kenotrons, Phana- 
trons, Thyratrons, ete. 

This lack of standardization in designating and design- 
ing industrial tubes is to be regretted and it arises from 
no scientific reason; it is primarily the result of commer 
cial and legal factors. 

This more or less informal] discussion of the commercial 
forms of tubes is of considerable importance in the prac- 
tical use of tubes since it may relieve some of the confu- 
sion which must inevitably result from the beginner’s 
first encounter with commercial tube data. 

In the application of tubes, the tube data tables and the 
graphic characteristics are of the utmost importance since 


it is by means of these data that the performance of any 
| ' Mutual < Oe 
Plate | Grid | Screen! Sree" | Plote | prise Resist- | Conduct: | Amp. |p toed 
Supply | Biss | Vole | cement | Current) ooo Ohms | ance | Factor | Renstance) Oute pe 
Volts | Me | Ma Mona Ohms | Watts 
100 6 100 1.6 9.0 83250 1200 100 11000 03 As 
180 | -12.0 180 | 3.9 | 92.0! 45500 2200 100 , 8000 | 1.4 
250 0 - Power output is for one tube at stated 8000 8 646 
300 | 0 load, plate-to-plate 
250 |-3.0| 100/ ¢.2 | 3.5 360000 | Anode grid (N mes., | 6A? 
min 40Ome ( d leak hens 
300 0 6 45 4100 2400 $8 7000 40 
685 
400 13 45 40 10000 20 
250 |-3.0/ 195/2.3 | 9.0 650000 119 
; 687 
250 |-4.5| so] — 0.65 _ - 
250 |-3.0| 100| 0.5 | 2.0 | exceeds 1225 lexceeds - 
1.5 meg 1500 
66 
250 | -1.95| 50 | Cathode currgnt — Plate coupling resistor 
0.65 250000 ohms 
250 |-3.0/ 100| 2.0 | @2 800000 1600 | 1280 - 
} 606 
250 |-10.0 100| — ~ — Oxcilletor peak volts = 7.0 
270 | 0 | —/] — |] O@}| Target Current 4 0 me } 
250 © —-|i- 0.25} Torget Current 4.5 ma o&s 
100 |}-3.0/ —| — | 3.5 17800 450 4 - 
250 | -3.0| 100; 1.5 | 6.5 850000 1100 900 6FT 
250 | -10.0 100! 0.6 2.8 Oxcilletor peak volts = 7.0 
100 |-1.5| 35 | — | 1.8 | 550000 850 | 470 
180 |-3.0| .90| — | 3.1 | S00000 1050 525 - 
250 |-3.0| 90| 1.7 | 3.2 | Ss0000 | 1080 | $95 
} 6 
100 5.0 ssi - Plote Current to be adjusted to 
250 80; #W); — 1 me. with no segnal 
90 | -6.0| j } 2.5 11500 800 9.2 
180 | -13-3) - ~ 4.3 | 10200 90 | OF 
250 - 18.0) ] 7.5 | 8400 1100 92 7 
= - - Ee — 
9 |-100 — | — | Plate Corrent to be adjusted t ane 
250 | -28.0 } 0.2 me. with no signal | 


Fig. 169. A portion of a typical tube table. 
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tube can be predetermined. It is essential, therefore, that 
one should become at least reasonably familiar with the 
different types of tubes on the market and with the mean- 
ing of the data presented in the tables. 

In considering the characteristics of electron tubes, it 
may be pointed out that these fall into two classes, the 
first known as the static characteristics and the second the 
dynamic characteristics. The static characteristics are val 
ues of certain properties of the tube obtained with different 
d-c. potentials applied to the tube electrodes, while dynamic 
characteristics are the values obtained with an a-c. voltage 
on the control grid under various conditions of d-c. poten- 
tials on the electrodes. The dynamic characteristics are, 
therefore, indicative of the performance capabilities of a 
tube under actual working conditions. Dynamic character- 
istics include amplification factor, plate resistance and mu- 
tual conductance. 

The amplification factor of a tube or the » is the ratio of 
the ch.nge in plate voltage to a change in control-electrode 
voltage in the opposite direction under the condition that 
the plate current remains unchanged. For example, if the 
plate voltage is changed 30 volts and the grid voltage is 
changed 5 volts (in opposite polarity) in order to hold the 
plate current at a constant value, the amplification factor 
is 30 divided by 5, i.e., 6. In other words, a small voltage 
variation in the grid circuit of a tube has the same effect 
on the plate current as a large plate voltage change—the 
latter equal to the product of the grid voltage change and 
the amplification factor. 

The plate resistance of a tube is the resistance of the 
path between cathode and plate to the flow of alternating 
current. It is the ratio of a small change in plate voltage 
to the corresponding change in plate current, and is ex- 
pressed in ohms. Thus if a change of 0.001 amp. is produced 
by a plate voltage variation of 10 volts the plate resistance 
is 20 divided by 0.001 or 20,000 ohms. 

The mutual conductance or, as it is sometimes known, the 
grid-plate transconductance, is a factor which combines in 
one term the amplification factor and the plate resistance; 
it is the ratio of the first to the second. Mutual conductance 
may be more strictly defined as the ratio of a small change 
in plate current to the small change in the control-grid volt- 
age producing it, under the condition that all other volt- 
ages remain unchanged. 

Thus, if a grid voltage change of 10 volts causes a plate 
current change of 0.01 ampere (10 ma.) with all other volt- 
ages constant, the mutual conductance is 0.01 divided by 
10 or 0.001 mho. Since the plate current changes involved 
are usually very small, the mutual conductance is usually 
expressed in millionths of a mho, or micromhos. Therefore, 
in the example, 0.001 mho times a million equal 1000 mi- 
cromhos. The mutual conductance characteristic of a tube 
is a very useful one when comparing a tube’s performance 
capabilities with those of the same type in similar appli- 
cations. 


XXV. AMPLIFIER CLASSIFICATIONS 


The first important application of the electron tube and 
still perhaps its most universal application was that as an 
amplifier—an amplifier of the extremely weak but complex 
electric currents used in the transmission of speech over 
telephone systems. This was its first major general appli- 
cation and as described in an earlier article it resulted in 
benefits to mankind which can scarcely be measured in terms 
which we usually associate with value. Overnight, almost, 
it revolutionized the art of telephony, extending the limits 
of voice transmission to the farthest reaches of the earth; 
it made round-the-world telephony an actuality. Since that 
time when it was first impressed in service as a “repeater” 
by the telephone engineers, the electron tube has been ap- 
plied as amplifiers of electric currents and impulses in 
countless other services and though the requirements in 
these services vary widely, still the principles involved in 
all these applications are essentially the same. There are 
differences, however, and these should be understood. 
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Several amplifier applications and the princ 
have already been described but the correct use 
requires a more detailed knowledge of the wa 


and how they can be used to fulfill certain ; all 


This is particularly true in the field of ins 
where the output of a device not only has to 
but must be an exact reproduction of whatev 
is necessary to measure. This is not as simple 

If a sensitive millivoltmeter is connected 
resistance shunt carrying current, we know t 
meter, assuming it to be properly calibrated, 
the electromotive force developed across the 
the shunt. 

Suppose, however, that the voltage variat 
minute that they cannot be measured: by th 
This, it would seem, provides an excellent op; 
use electronics; why not interpose an electron-tu 
between the shunt and the millivoltmeter? T! 
will amplify the minute voltages appearing acros 
and the amplified voltage can then be measu: 
voltmeter, 

In theory this is fine and, practically, it can 
plished but only if extreme care is taken. To ac: 
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Fig. 170. The operating characteristics of an electron tube 


Plate current flows all the time whether the grid is excited o: 


the amplifier must be absolutely stable, and this is n 
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fier. This diagram represents the action of a Class A Amp! 
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easy thing to achieve. It is easier now than it was a decate 
or so ago because of the development of the principle o 


“feedback” but considerable care is still necessar 
back will be discussed later. 
Of course, amplifier requirements vary widely. So: 


as in “counting” operations, all that is required is th¢ 


plification of single or multiple impulses in which 


electron tube functions primarily as a relay. At oth: 
the output of the amplifier must reproduce faithfull; 


out distortion, the shape of an alternating curre: 
applied to the input. Sometimes mere amplificatio: 


tential is desired; at other times actual amplifica 


power is necessary. 

In many industrial applications where the elect: 
is used primarily as a relay, only the simplest p 
apply but in the field of instrumentation where the a 
current or voltage must in most cases be an accur 
plified reproduction of the input current, a more i 
knowledge of tube characteristics is necessary. 

As pointed out in some of the preceding arti: 
manner in which an amplifier tube is operated to fu 
tain conditions depends largely upon the way the 
biased, that is, upon the value of steady negative | 
applied to the grid. This principle of changing a 


operating conditions by varying the negative pote! 


the grid was discussed in some detail in the July ’43 
It may be recalled that the operation of an electr 
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The elements of an amplifier circuit, showing the use of 
s battery for adjusting the negative potential of the grid. 


fier can be represented graphically, by plotting 
irrent at right angles to the grid potential in the 
ywn in Fig. 170. This diagram makes use of the 
nt vs. grid-voltage characteristics. With any 
» or type of grid input voltage, such a curve will 
character of the current which will flow in the 
ite circuit under certain conditions of plate voltage. 
grid of an amplifier tube is biased properly nega- 
e, so that the peak input voltage as shown by Fig. 170 
‘ause the grid potential to become positive at any 
int in the eyele or cause the plate current to traverse the 
rved part of the characteristic on the negative 
alf-cycle, the output wave will be an exact but amplified 


reproduction of the input wave. Under these conditions the 


ower ‘< 


amplification will be distortionless. 
It will be noted that the input voltage oscillates about an 
axis which is displaced negatively from the zero bias point. 


This displacement represents the “grid bias,” that is, the 
fixed negative potential of the grid with respect to the 
Assuming that an alternating potential is to be 
amplified, the instantaneous values of the alternating po- 
tential with respect to the cathode can be varied relative to 
zero by means of a grid bias potential obtained from a 
battery or other source, as shown in Fig. 171. 

sy increasing the negative potential of the grid, the 


athode. 


I 
ixis of the grid input voltage wave in Fig. 170 is shifted 
to the left; by decreasing it or making it positive with 
to the cathode, the axis is shifted to the right. The 
‘athode, it must be remembered, is always considered the 
ero potential reference point; the biasing battery is always 
mnected between the grid and the cathode. In either case, 
when the amount of the shift is such that critical values 
are reached (where the projection of the grid voltage values 
ntercept the lower or upper curved portions of the charac- 
teristic) the shape and character of the plate current curve 
s altered, ie., it becomes distorted and is no longer an 
accurate amplified reproduction of the grid voltage curve. 


espect 


Cut-off Point 

it will be evident from Fig. 170 that if the negative grid 
bias is increased a sufficient amount, the plate current may 
stopped entirely. This is known as the cut-off point. The 
ut-off point of an amplifying tube is the amount of grid 
bias voltage needed to stop completely the electron flow 
from cathode to anode. 

The significance of “bias voltage” and “cut-off point” can 
be better understood with the aid of the curve shown in 
Fig. 172. It shows how the plate current, measured verti- 
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172. Curve showing the ‘‘cut off’’ point. At —20 volts, the 
te current is approximately zero. 


cally, varies in relationship with applied bias voltage. On 
this particular curve, for example, at 20 volts negative 
bias, the plate current is approximately zero. In other 
words, 20 volts negative bias corresponds to the tube’s cut- 
off point. This term cut-off point is one that is used fre 
quently in discussions of various classes of amplifiers. 

An amplifier operated in the manner shown in Fig. 170 
in which the output wave shape is a faithful reproduction 
of the input wave shape, is known as a Class A amplifier. 
It is one of the three fundamental types of amplifiers, the 
other two being designated as Class B and Class C, 

The classification of amplifiers depends primarily on the 
fraction of the input cycle during which plate current is 
expected to flow under rated full-load conditions. A Class A 
amplifier is an amplifier in which the bias voltage is located 
about midway between the cut-off point and zero. The grid 
bias and the exciting grid voltage are such that plate 
current flows through the tube all the time. Even with no 
input there is a steady normal plate current, the value 
depending upon the grid bias. Because of this, the fact that 
plate current flows in the absence of an exciting voltage, 
the plate efficiency* is relatively low, being in the neigh- 
borhood of 20 to 35 percent at full output. The plate 
efficiency cannot be greater than 50 per cent, since the 
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Fig. 173. Class B Amplifier operation. This graph shows Class B 
action. The grid bias is adjusted so that when no exciting poten- 
tial is applied, the plate current is zero or very nearly zero. 


normal plate current must be such as to permit the full 
amplitude of the negative half of the cycle without at any 
time reaching zero. The chief characteristics of the Class A 
amplifier are low distortion, low power output for a given 
size tube and a high power-amplification ratio. 

Leaving the Class A type of amplifier for the moment, 
let us consider the Class B type. The Class B amplifier is 
one in which the grid bias is approximately equal to that 
required to cut off the plate current to approximately zero 
when no exciting grid voltage is applied. This method of 
operation is shown in Fig. 173. It will be noted that the 
grid bias is of such a value as to bring the plate current 
practically to zero with no excitation (no input voltage). 
As a consequence no plate current flows during the negative 
half of the exciting voltage. Since practically only the 
linear portion of the characteristic is used, the plate current 
pulses are of essentially the same shape as that of the 
positive half of the input cycle. As in the case shown, since 
the plate current is driven upward toward the saturation 
point, it is usually necessary for the grid to be driven 
positive with respect to the cathode during part of the 
grid “swing.” Grid current flows, therefore, and the driving 
source must be capable of furnishing power to supply the 
grid losses. 

Since no plate current flows during a considerable portion 
of the cycle it will be obvious that the Class B amplifier 


*The ratio of a-c. output power to steady d-c. input 


October 1944—I/ nstruments—Page 609 















has a higher plate efficiency than the Class A. The Class B 
amplifier is characterized by medium power output, medium 
plate efficiency (50 to 60 percent) and a moderate ratio of 
power amplification, 

In Class B operation, it will be evident that even though 
the plate current pulses are of the same shape as the 
positive grid swing, such an arrangement will not give an 
exact reproduction of the input wave, since only half-cycles 
are present in the output. For this reason, to obtain distor- 
tionless amplification with tubes used as Class B amplifiers, 
it is necessary to use two tubes working alternately so that 
both halves of the cycle will be present in the plate circuit. 
Such an arrangement is shown in Fig. 174. The input 
current is fed to a transformer 7; whose secondary is 
divided into two equal parts, with the tube grids connected 
to the outer terminals and the grid bias fed in at the center. 
Another transformer, 72, with a similarly divided primary, 
is connected to the plates of the tubes, the plate voltage 
being fed in at the center tap. When the input swing in the 
upper half of 7; is positive, tube 1 draws plate current 
while tube 2 is idle; when the lower half of 7; becomes 
positive, tube 2 draws plate current while tube 1 is idle. 
The corresponding voltages produced in the halves of the 


INPUT OUTPUT 





Fig. 174. Circuit using two tubes in ‘“‘push-pull’’ to provide dis- 
tortionless amplifications with tubes used as Class B Amplifier. 
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Fig. 175. Wave diagrams showing how the output of two tubes 
in Class B are combined to give distortionless amplifications in a 
push-pull circuit. - 


primary of T2 combine in the secondary to produce an 
amplified reproduction of the input wave shape with prac- 
tically no distortion. The way in which these secondary 
currents combine is shown in Fig. 175. A circuit using two 
tubes in this manner is ordinarily known as a “push-pull” 
arrangement; it can be used with other classes of ampli- 
fiers as well as for Class B, but in the case of the latter, 
for distortionless amplification it becomes a necessity. 

As will be evident from Fig. 173, by designing tubes with 
a sufficiently high amplification factor it is possible to oper- 
ate them in Class B with zero grid bias and so dispense 
with all bias batteries or bias resistors.* It is for this 
reason that such specially-designed tubes are better for 
Class B amplifiers than tubes not specially designed for 
that purpose. 

Now we shall consider the third general class of ampli- 
fiers, i.e., Class C. In a Class C amplifier, the grid is biased 

*The negative potential for the grid can also be supplied from a 
resistor (usually called a grid leak) connected between the grid 
and the cathode. In this case the negative potential is a function 
of the grid current, the voltage representing the voltage drop 
produced by the grid current across this resistor. The grid poten- 
tial thus is obtained by multiplying the grid current in amperes 
(milliamperes — 1000) by the resistance in ohms. This method 
of securing a grid bias potential, while effective, has the disadvan- 
tage that should the excitation fail for any reason, with full plate 
voltage on the tube the grid bias would be lost and the plate 
current might rise to destructive values. In many instances, there- 
fore, a combination of the two methods is used. a battery being 
connected in series with the resistance, Just enough battery volt- 


age is used to keep the plate current at a safe value without 
excitation and the remainder is supplied by the drop across the 
resistor. 
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Fig. 176. Class C Amplifier operation. With Class ¢ 
bias is adjusted so far below the point of cut-off that ; 
flows for only a fraction of the positive excitation cyc 


appreciably beyond the cut-off value so that th 
rent flows from appreciably less than one-half of 
when an exciting grid voltage is present. The ¢ sf 
such an amplifier is usually set at approximate 


value required for plate current to cut off wit! qual ¢ 

tion. The exciting voltage should be of sufficient Wher 
to drive the plate current to the saturation point ta 
in Fig. 176 which shows the principle of Class | tionlmsistance 
Since the grid must be driven far into the posit ( *h 


to cause saturation, a considerable number of el: S ardmsistanc’ 












attracted to the grid at the peak of the cycle oltage 
plate of some that it would normally attract.* 7 isegmthrough 
the droop at the upper bend of the characti : andililorder 1 
causes the plate pulse to be indented as shown. eing in 
of amplifier operation is used exclusively for radio encya A th 
power amplifiers. The output wave-form is badly tortedillcoupli 
but at radio frequencies this distortion is largely that a 
by the filtering or flywheel effect of the tuned out} element 
As a matter of fact, for radio-frequency amplifi ance co 
operate into selective tuned circuits or under re mentsimbeing a 
where distortion is not an important factor, ar f thellfimethod 
foregoing classes of amplifiers may be used eith t resistat 


single tube or with a push-pull stage. For audio 
amplifiers in which distortion is a controlling fa 


the Class A amplifier permits single-tube operatio One 

For many industrial applications distortion is ttlef™m the que 
import. In many instances the only thing desired is thegjmay be 
greatest change in plate current with a given grid voltag which | 


wave V 


those W 


excitation. What is important is not the magnitude of t 
current but the magnitude of the change in current 


m ° . e : f nf . 
this reason most industrial amplifiers are biased so thatgjjol pow! 


the plate current without excitation is small or 2 as a V 
These methods of using amplifiers as Class A, amplifi 
do not affect other considerations of amplifiers discussed In tl 


in preceding articles. The question of neutral swing 
example, is exactly the same in each case and jus 
necessary. So also is the matter of coupling one circu 
another. A few additional remarks about coupling, howeve! 
will not be out of place. 
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We have shown how the output of one amplifier any ar 
; k : Pe asi 
fed into a succeeding one by means of a transformer, 7:,g§S4ry | 
whose secondary is connected in the grid-cathode path o! = 
the second tube, as in Fig. 177. In this cese the tra mer jp in = 
is usually a step-up transformer, the ratio adjust miy t 
tain a high amplification. If amplification over a « in P 
lersta 
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Fig. 177. Circuit diagram showing the use of interstage trans! pe 
ers for coupling the output of one amplifier to the input of an cur? 
oe a am 
*At saturation, all of the electrons emitted by the cat oeet 
attracted to the plate and no further increase in plate volt i 
bring about a further increase in plate current. If, un the Inte} 
conditions, the grid begins to attract some of the electro cur? 
will be just that many fewer reaching the plate. cur? 
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Another multistage amplifier, similar to that shown in 


Fig. } ~ ; A - 
but using a coupling resistance instead of a transformer. 


Fig. 1 
ively narrow range of frequencies is desired, say only at 
) or 100 cycles, the ratio of turns between the primary and 
secondary may be high: 10 to 1 or more, but where a wide 
and of frequencies must be amplified, such as in an ampli- 
er for music or voice currents, as in a radio receiver, only 
, smal! transformer ratio can be used. This is due to the 
act that it is extremely difficult to make transformers 
vhich will transform a wide range of frequencies with 
pqual efficiency. 

Where a wide band of frequencies is to be amplified, 
coupling can be used. In this case a high re- 
istance is connected in the plate circuit, as shown in Fig. 
H78. The plate current flowing through the coupling re- 
istance results in a voltage drop across it and it is this 
oltage drop that is impressed on the grid of the next tube 
hrough a small capacitor. This capacitor is necessary in 
rder to prevent the plate voltage on the first tube from 
eing impressed on the grid of the second tube. 

A third method of coupling is known as impedance 
coupling. This is similar to the resistance method except 
that a choke coil or high impedance forms the coupling 
element. The action is very much the same as with resist- 
ance coupling, the voltage developed across the impedance 
being applied to the next tube. The impedance coupling 
method permits the use of lower plate voltages than with 
resistance coupling. 


esistan 


Power Amplifiers 

One thing more regarding amplifiers, and that concerns 
the question of voltage or power amplification. Amplifiers 
may be divided broadly into two general types, first, those 
which provide a greatly magnified reproduction of the input 
wave withput regard to the power delivered and, second, 
those which are designed to deliver a relatively large amount 
of power to a load. In the first case, the amplifier is known 
as a voltage amplifier, while in the second it is a power 
amplifier, 

In the case of a power amplifier, a large grid voltage 
swing is necessary for full power output. To obtain this 
large grid voltage swing for the grid of such a tube it is 
necessary to use voltage amplifiers which greatly increase 
the amplitude of the impulse to be amplified as amplifiers 
ahead of the “power” stage. In general, the last stage of 
any amplifier is a power amplifier, since it is usually neces- 
sary to operate some device or circuit requiring power. 

A final word regarding the plate voltage of an amplifier. 
In the diagrams shown in this article, it will be noted that 
only the grid voltages and the plate currents were shown. 
The plate voltage was not shown. To prevent any misun- 
derstanding concerning the plate voltage, Fig. 179 may 
be of interest. Here it will be noted both the plate current 
and the plate voltage are shown but note that the plate 
voltage is 180° out of phase with the plate current. This 
is always true. 

In Fig. 179 the circuit diagram is shown at the lower 
right of the operating characteristics, As the signal voltage 
swings between —2.5 volts and —7.5 volts the plate current 
swings between 3.5 ma. and 1.5 ma. The maximum plate 
current, 3.5 ma. oecurs at the instant the grid voltage is 


~2.5 volts. Similarly, the minimum plate current, 1.5 ma. 
occurs at the instant the grid voltage is —7.5 volts. At 
intermediate values of grid voltage, intermediate plate- 
current values will occur. Thus it is seen that the plate 
current is in phase with the grid voltage. 
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Fig. 179. Circuit diagram and L 
graph showing relationship be- {ifs —— sfulefafale 
tween the plate current and the -5V 375 Vv 
plate voltage in an amplifier cir- 
cuit. When Ip = max. the instantaneous voltage drop in Rp is 
50,000 X 0.0035 = 175 volts. When Ip = min., the instantaneous 


voltage drop in. Ry-is 50,000 X 0.0015 = 75 volts. 


The instantaneous voltage between the plate and the 
cathode of the tube is shown by the dotted curve Ep. When 
the plate current is maximum the instantaneous voltage 
drop in Rp is 50,000 X 0.0035 = 175 volts. In the same 
way, when the plate current is minimum, the voltage drop 
in Rp is 50,000 * 0.0015 = 75 volts. The actual voltage 
between the cathode and plate is therefore the difference 
between the plate supply voltage, 375 volts, and these 
voltage drops in the load resistance, or 200 volts (8375—175) 
and 300 volts (375—75) respectively. 

The varying plate voltage is an a-c. voltage superimposed 
on the steady plate-cathode voltage of 250 volts which is 
the voltage established for no signal conditions. The peeak 
value of this a-c. output voltage is the difference between 
either the maximum or minimum plate-cathode voltage and 
the no signal value of 250 volts. This difference, in the 
example under consideration is 8300—250 or 250—200 or 50 
volts. Since the grid signal voltage has a peak value of 2.5 
volts the voltage amplification ratio of the amplifier is 50 
—- 2.5 = 20. In other words, 20 times as much voltage is 
obtained from the plate circuit as is applied to the grid 
circuit. 


ELECTRONICS IN THE FIELD OF 
MEASUREMENT 


In no field does the electron tube lend itself to a greater 
variety of applications than it does in the field of measure- 
ment—the field of instrumentation. Whether it be in the 
measurement of length or of mass, of time or of physical 
magnitudes such as temperature or viscosity, or of electrical 
magnitudes, or of radiation, no matter how refined the pre- 
vious or existing methods, the application of electronics has 
been able to effect improvement in practically every in- 
stance. This is especially true in relation to the everyday 
types of measurement necessary in high-speed industrial 
production. Today, factory workers make routine measure- 
ments with a degree of precision that a few decades ago 
was possible only in a laboratory when performed by 
highly-skilled technicians. Because of electronics, every 
branch of mechanical, chemical and electrical measurement 
has been vitalized and carried to almost incredible precision 
and facility. In the field of microscopy, for example, the 
electron microscope has made possible the measurement of 

Continued on page 618 
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INSTRUMENT DELIVERIES ! 


American Instrument production is catching up with 
the needs of our armed forces—closing the gap be- 
tween too little and enough. Caring for those needs 
has expanded Triplett production lines unbelievably 
far beyond preyious capacities. And the experiences 
of war, added to more than forty years of instrument 
manufacturing, have bettered the products coming off 
those lines, 


Now—instruments—better than ever before—are ready 
for general use. Better place your orders, at once, with 
Triplett—headquarters for a complete line of instru- 
ments made to one fine standard of engineering. 


D’Arsonval Moving Coil D.C. Instruments Electrodynamometer A.C.-D.C. 
Double Iron Repulsion A.C. Instruments R.F. and Rectifier Types; Sizes 2” through 7” 






BLUFFTON OHIO «** 
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Greater Production 
Capacity 


_ Better Instrument 


Quality 
Complete Line of 


Instruments 
One Source of Supply 
Prompt Deliveries 


SEND YOUR ORDERS 
TO TRIPLETT NOW 
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iation Instruments 


Automatic- piloting Power plant Automatic- landing Aerological 
Communication Flight-testing eacreiblattes | Instrument- testing 


M. F. Behar, Editor October 1944 


For Accuracy in Aerial Photography 


N the two adjoining photographs are 
shown for the first time, by permission 
fthe Army and Navy and by courtesy 
f the manufacturers, details of a device 
rhich has contributed to the precision 
erial photography of our Air Forces. 
appearance it is triple-tube fan- 
aped instrument. It is an improved 
ens collimator, especially designed by 
gineers of Fairchild Camera & In- 
rument Corporation for final testing 
f Fairchild aerial camera lenses, after 
installation in the cameras. Its purpose 
sto give a photographic record of the 
esolving power of each lens, for cor- 
ect focusing. 
A Fairchild Model K-18 camera, used 
by both the Army and Navy in military 
telligence photography from the air, 
s shown mounted for testing. It con- 
ins a lens of 24-inch focal length. 
The two outer collimator tubes, each in- 
luding a lens and an illuminated chart 


showing perpendicular reticle lines, 
swing out to cover the edge of the field 
of the lens (a matter that has often 
been neglected in ordinary focusing 
tests). The middle collimator tube, sim- 
ilarly equipped, covers the center of 
the field. The entire collimator, focused 
at infinity, transmits parallel rays of 
light to the camera lens for photo- 
graphing on a test negative. 

Simultaneously, a small recording 
collimator, set atop the middle collima- 
tor, records the serial number of the 
lens on the film. By means of this ac- 
cumulated information on the negative, 
the operator can determine the sharp- 
ness of detail covering the entire angle 
of view, can also determine any possi- 
ble error from zero, and gage the length 
of any such error. 

This instrument is installed in the 
Fairchild camera plant at Jamaica, 
Ns Xs 


N his radio show, Dunninger read in 

Henry Kaiser’s mind that “the heli- 
copter of the future will have only one 
instrument.” ... Any bets? 
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®@ This new, efficient in- 
strument is used mainly 
for calibrating low pres- 
sure instruments and other 
devices. It can be employ- 
ed also as a conventional 
manometer for reading 
preSsufes or vacuums. 











Highly sensitive, the Meriam 
Micromanometer permits 
readings to plus or minus 
001” water pressure. Most 
rugged, and unequalled 
in simplicity. Not the 
least complicated or mys- 
terious, it can be han- 
dled successfully by the 
average operator. 
Ask for Bulletin 25 


THE MERIAM 
INSTRUMENT CO. 


10958 Madison Avenue @= 
Cleveland 2, Ohio Co 


e 
Patent Applied For 
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Finger-tip Control for Man-m:de 


Hurricane 


REPARATIONS for investigations of full-siz. 

under simulated flight conditions are complete 
wind tunnel built and operated by the Nationa] 
Committee for Aeronautics in Ames Aeronautic: Laborg 
tory, Moffet Field, Calif. Engineers are at the end 
vital job that has taken more than three years: | 
full-scale wind tunnel larger than any other in the worlq 
dwarfing even the N.A.C.A. full-scale wind tunnel at Lang 
ley Field, Va., previously the world’s largest. 










Assisting the Ames engineers and also working nigh 
and-day schedules are engineers for the Westinghouse E]e 
& Mfg. Co., who helped install and test the six giant electy; 
motors and other allied apparatus which powers and 
trols the “hurricane”. 

Everything about the new tunnel is big. The test sect; 
is 80 ft. wide and 40 ft. high. This will enable the testi; 
not only of full-size planes including some of the two-engiy 
types, but also extraordinarily large models of the large 
planes. Each of the 6,000 hp. motors weighs approximate 
114,000 Ibs. and measures 21 ft. long by 10% ft. in dianll 
eter. Each motor will drive a six-bladed spruce propelled 
40 ft. in diameter, at any desired speed from 50 t 
r.p.m. The six motors will consume a total of about 30; 
ion watts—power enough for 30,000 average homes 

Despite size and bulk of the installation, starting or stop 
ping the battery of six motors can be accomplished }j 
pressing a button. Control of the huge motors presente 
Westinghouse and Ames engineers with problems seldoy 
met on as large a scale. Solution was found in what is know 
as the modified Kraemer control system. This system, a 
arrangement of electrical motors and generators with asso 
ciated automatic-control devies, will serve to start the fay 
motors and get them up to the desired speed with minimun 
disturbance to the power line; will enable smooth, synchro 
nized operation of the six motors over a wide range 9 
speeds, and will convert a large percentage of potentid 
power losses into available energy. Control-system motor 
generator sets are even larger and heavier than the motor 
One set is 39 ft. long, 11 ft. high and weighs 405,000 Ibs. 



















Scme Calibration Short-cuts 


By H. C. HACKLEY, Ass’t Foreman, A&R Instrument 
Shop, N.A.S. Moffet Field, Calif, 


ao the beginner in Aircraft Instrument work, calibra 
tion often sets up many dilficult problems. The following 
instructions have been found to be of help to our nev 
employees: 

The beginner should remember that there are thre 
fundamental conditions that require calibrating in aircrafi 
instruments: (1) Zero adjustment; (2) Range adjustment; 
(3) “Curve” adjustment. 
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“Zero Error” “Range Error” “Curve Error’ 
Fi 9.) 


These conditions for individual instruments are asics 
to recognize when a calibration run is plotted on grap 
paper. To illustrate the above-mentioned conditions the 
three sketches shown in Fig. 1 are given. 

These three sketches show the general appearance of 
each condition existing by itself. However, various ombi- . 
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The STEINLITE 
One Minute 
Moisture Tester 
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f the larged In many processes SPEED is a prime requisite The Steinlite operates on the electrical im- 
pproximate in making moisture tests. If this is true in your pedance principle . . . and is calibrated against 

ft. in dian case, investigate the Steinlite One Minute mois- the official method for each product. It is widely 

ice propellemm ture tester. With this instrument an accurate test used on grains, dehydrated foods, starch, cocoa 

m 50 to 23mm can be made in one minute by an experienced powder, cotton seed, linseed meal, nuts, etc. 

‘bout 30 mil operator ... in 2 or 3 minutes by almost any There are more Steinlites in use than all other 
commas operator . .. a great saving over old-fashioned electrically operated moisture testers combined. 
ting or stoy methods of moisture testing, which required 30 Explain your moisture testing requirements and 
gate i minutes or longer. our Engineers will help you solve your problem. 
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CYLINDER HEAD 
IMMERSION TYPE 
BAYONET 
THERMOCOUPLE 
























One of the giant twin cells at Curtiss-Wright Corp. Propeller Division, for testing propellers 
in conjunction with most modern engines, where flexibility of our thermocouples, extensions, 
and quick coupling iron constantan connectors, illustrated, has facilitated accurate temperature 
measurements. Bulletin upon request. 


¢ ore te - S 22-04 RAPHAEL ST.,FAIR LAWN,N.J. 
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ENGINEERING MANUFACTURING 







AIRCRAFT ENGINE AND INDUSTRIAL THERMOCOUPLES — EXTENSION LEADS AND THERMOCOUPLE WIRES 


ara we ? QUICK COUPLING CONNECTORS — PROTECTION TUBES AND ACCESSORIES — INDUSTRIAL FURNACES 
us compl 7 
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ACCURATE— 10 RPM between 200 and 3500 RPM. 


READABLE — 6” diameter dial 66’ Scale (large hand 
makes 3% revolutions from 0-3500 
RPM). 

R ANGES— Other scales can be furnished offering 
proportional accuracy. 

RUGGED — Stands severe use, abuse and vibra- 
tion. 


ELECTRIC DRIVE—generator screws to standard SAE 
tachometer fitting. 3 wire cable con- 
One 


nects generator to indicator. 


generator drives 2 indicators. 


P RiCE — complete with generator 30 ft. 3 wire 
cable and necessary connectors .. . 


5125 OK: 


F.0.B. FACTORY 


NOTE: Available also with built-in OVER- 
SPEED CUTOUT to limit speeds or 
operate controls at predetermined 


speeds. 


n 
Write I-28 


THE STANDARD 
ELECTRIC TIME CO. 


“Split-Second Veasurement by Standard” 


SPRINGFIELD 2, MASSACHUSETTS 
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ELECTRIC TACHOMETER | 1-» 








/ Umit of Motion 
Oric nal 





nations of any two, or of all three, of these conditions a 
often found in instruments received in a repair shop, 

Zero adjustment in most cases is controlled by puttiy 
the pointer on zero to start with, after making sure ¢ 
all mechanical stops are not interfering with the movemey 
of the mechanism. 

Range adjustment is usually controlled by the f 
methods in pressure instruments. The length of a radj 
arm may be varied: (a) Lengthening a radius arm: 
unit of motion applied on the outer extremity of the a; 
will cause less angular movement on any point connecte 
to the arm (see Fig. 2). (b) Shortening a radius arm pw 
duces the opposite effect; it speeds up movement on th 
driven side per unit of motion of arm. 


K 


lowin 







Note difference in 
size of angle a and b 


a 
Fig. 3 


Curve characteristics may be controlled by changing the 
portion of the arc being used. The effect of this is to speed 








up pointer movement on one portion of a scale relative tom 


another portion (see Fig. 3). 
Initial tension of the hairspring may be varied. 
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In actual practice it is usually found that making anfeollect 


adjustment on range will affect the curve somewhat, and 
vice versa. 


Epitor’s Note—This important subject can be treated 
briefly (as Mr. Hackley has done) or at great length with 
mathematical proofs (as is done in texts on kinematic de 
sign, etc.) In our October 1942 issue we ran a two-page 
article “Calibrating Pressure-actuated Instruments by 
Means of Graphs,” by Ellsworth Keith, Jr., which goes into 
more details—MFB 





Flowmeter for Oxygen Regulator 
Test Sets 


AFETY of aviators flying above 20,000 feet depends 

upon proper functioning of aircraft oxygen regu ators. 
This can only be ensured by periodic checking with speci@ 
testing equipment. At the request of the Bureau of Acro 
nautics of the Navy Department, the National Bureau of 
Standards has developed a readily portable field test set % 
that this necessary checking can be carried out at an) land- 
ing field. With the great increase in the number of »'anés 
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pencer Microscope and “Bright-line” Count- 
he followinglkg Chamber in use im the laboratory of the 
aterpillar Tractor Co. of Peoria, Illinois. 
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on the Home Front 





7+. Dust is one of 
- In he greatest hazards 
and b [Bethe health of in- 


Hustrial personnel. 





ye let your reputation for promptness lie 


around on the shipping room floor. When 





a customer marks his order “rkusH’— call for 


























It has been the source of disastrous | 
xplosions; has poisoned workmen, AIR EXPRESS pick-up and get it on its way as early 
ausing them to lose valuable hours | 
from production. Certain types of dust 
ause the dread disease of silicosis. 


in the day as possible! That’s the secret of fastest 


delivery by AIR EXPRESS—a service that moves 







Dust free air is essential for precision | cargo on swift Airlines schedules around the clock, 


manufacture and much attention is | 
being given by industrial management | 
nging th ‘ Fea 

ong eo air-conditioning and other means of | 
Ss to speed ! 
elative tmpooping with the problem of dust. 


for war and reconversion jobs. 


SPECIFY AIR EXPRESS 
A Money-Saving, High-Speed Tool 
for Every Business 


Microscopes are used to examine dust 
aking anfcollected from the air to determine the 
vhat, and wed 

amount of dust, and to what extent it is 
+ treated’ hazard to the employee, the product | With additional planes and space available for all types of traffic, 3-mile-a- 


igth withor the plant. Through the analysis of minute Air Express directly serves hundreds of U.S. cities and scores of 
matic de-Bdust and the elimination of the source, foreign countries. And shippers nationwide are now saving an average of more 


two-page - ; ; than 10% on Air Express charges —as a result of increased efficiency developed 
vents by many of our industrial plants are abte to meet wartime demands. 


sam fell to ro id m -_ 
ie +a He “ re conditions more WRITE TODAY for “North, East, South, West”— an informative booklet that 
“eaithtul than the average home. will stimulate the thinking of every executive. Dept. PR-10, Railway Express 

Agency, 230 Park Avenue, New York 17, N. Y., or ask for it at any local office. 
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ru ators. 
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ran PCNICET tens company 


t set 80 BUFFALO, NEW YORK 
7y land- ACIENTIPIG INSTRUMENT DIVISION OF Phone RAILWAY EXPRESS AGENCY, AIR EXPRESS DIVISION 


lanes BAMERICAN OPTICAL COMPANY Representing the AIRLINES of the United States 
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in service there has been an urgent demand f; 
Army and the Navy for these sets. 

Accurate flowmeters to measure the rate of 
gen, or oxygen and air mixtures, are essential p 
unit. Originally, a commercial “rotameter” wa 
the demand for rotameters for other essentia] 
have delayed deliveries of the sets. Development yor 


both tf 





of on 
S Of eg 
ised, 














rk Wwq clea 
therefore, rushed on a flowmeter of a new type that oy any 
be manufactured easily and quickly from non cal n in on 






terials, and which has proved to be even better { 







the » H 
° ‘© DU ntainé 

pose than the rotameters previously used. This “Natip on 
Bureau of Standards Flowmeter” is simply a can of tigi dis ~ 
packed glass wool through which the oxygen « r flog anure 


77 & 


The pressure difference between the ends o fthe 
rlingt¢ 


ured by a differential pressure gage, is directly | 
to the flow. The final designs of this flowmeter 
nished to the manufacturer, and the field test set 
it is included are being calibrated at the Bureau 
as they are produced. 





ELECTRON TUBE PRINCIPLES 
(Continued from page 611) 
dimensions too small to be amenable to perception by lig) 
waves. 

Measurement has been said to be the basis of al] scien L&R 
This being true, electronics has been of inestimable value j 
extending the field of research by making it possible { 
measure smaller things. As A. W. Hull of Genera! Electy 
expressed it a number of years ago, “the main function q 
electronic devices in aiding research is to make possible t 
measurement of smaller things than could be measured b 
fore with less disturbance, by the measuring rod, of t 
thing measured.” The uncertainty principle teaches th 
the ultimate limit of smallness that can be observed, 
reached when the magnitude to be measured is sma ha 
the disturbance caused by the application of the measurin 
means. Electronics makes it possible for us to approach t} 
ideal by supplying us with the lightest known measurin 
agents, electrons and photons. 

Strangely enough, however, although electronics 
tended virtually all methods of measurement, it has x 
necessarily displaced a number of the older more funda 
mental principles and devices used in measurement. In t! 
measurement of temperature, for example, regardless 
how many electron tubes may be incorporated in a moder 
temperature measuring device, the primary elements ar 
still the same familiar thermometers or thermocouples w 
have always used. The familiar basic temperature n 
uring devices, expanding metals, liquids or gases, the 
couples or resistance thermometers, now, frequently 
through electronic amplifiers so that indicators and 
ers can carry more sensitive scales. 
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True Electronic Temperature Measuring Devic 
This does not imply that more fundamental, truly 


tronic temperature measuring devices may not be d: Vv 
in the future; indeed, in the writer’s opinion this offers oné 

of the most opportune fields for research and development Th 
It has been suggested that present-day thermometers anj on 
thermocouples might be replaced by gas- or vapor-fille z 
electron tubes which would be sensitive to temperature % 
changes, or, it is easily possible to conceive a temperature r 


sensitive crystal oscillator whose output frequency) would cai 
be a function of the temperature.* Most ordinary types 
crystal oscillators are sensitive to changes in temperatur 
In communication eauipment this is an unwanted condition 
but it might be possible to put it to good use in a temper 
ture measuring system. . 

In some branches of the field of measurement, purely 
electronic measurements are in use. In the measurement 0! 
light, indeed of all electromagnetic radiation in the fre 
queney range above that of the infrared, purely electr nie 
measurements are in use, not only in measuring intensity “ 
















*“Opportunities for Electronics in Industrial Temperature 
strumentation,” by M. F. Behar. Electronics, Vol. 15, Ds 
pages 72-76, 163-166. 
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Yes sir—hits the mark 
-with pilots and designers 






truly elec 
e develope 





y 
3s Olrers ong 





velopment. They agree on the accuracy, long, trouble-free service 
neters and % and exclusive Air-Safe features. Pilots like the rotating 
vap -fille dial that eliminates compass correction cards. Designers 
ymperaturee. like the oil resisting rubber bellows and the careful 
mrt raturelmge. Sock mountings. Both agree on the large dial with clear 
nev would : definite markings, the unbreakable “Bull's Eye" lens and 
y , es of _., the general appearance of the compass that adds a tone 


of quality to the instrument panel. Purchasing agents 






mperat 
le 4 endorse this remarkable achievement in compass design 
» temne tor its economy both in initial price and on the produc- 


line. Write today for more information. 
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PROTECT 
iT WITH 


Paragon 


TIME 
DELAY RELAYS ~ 


NOTHING is more vital to the war production program 
than electrical equipment. Guard it with Paragon auto- 
matically reset, synchronous motor operated time delay 











Approx. size 
of 800 Series, 


relays, which: 

1. Protect rectifiers and tube filaments from applica 

tion of plate current before filaments are preheated 

2. Control the various steps of motor acceleration 

3. Delay the closure of elevator control circuits 

4. Stagger the closure of multiple circuit systems sc 

that full load will not be applied at start. 

Accuracy of the time cycle and operation of the timer not 
affected by changes in ambient temperature or vibration. 
Designed for panelboard mounting or may be mounted to 
standard handy box or single gang switch box. 

Built by an organization of engineers and skilled crafts- 
men specializing on electrical equipment since 1905. Write 
for a bulletin on 800 Series Time Delay Relays. 


PARAGON ELECTRIC COMPANY 
35 WEST VAN BUREN STREET 


CHICAGO 5, ILL. 


aragor Chicag 


SINCE 1905 
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Tue temperature coefficient of ex- 


pansion of Chace Manganese Alloy No. 772 is 
twice as great as that of ordinary steel . .. con- 
siderably higher than aluminum, particularly 
at elevated temperatures ... and far beyond 

that of any other strong alloy. Its expansion 
rate is independent of thermal treatment, and 
is not altered by cooling to -100° F. Thus it 
makes possible unusual differential expansion 


designs. 


Chace Manganese Alloy No. 772 affords an 
unusual combination of useful engineering 
properties. It has an electrical resistivity about 
60% higher than most resistance alloys in com- 
mon use...a thermal conductivity only about 
2% the value of copper. ..a vibration damping 
constant about 25 times greater than steel. It 
can be machined, stamped, drawn, extruded, 


and welded to itself or other metals. 


AVAILABLE IN 





5 5 
eo nga 





Complete engineering and research facilities 
available... Bulletin No. A-942, giving detailed 
information regarding Chace Manganese Alloy 


No. 772, sent on request. 


wu. CH ACE co 


cor Bimetals and Soial Alloys 














1609 BEARD AVE + DETROIT 9, MICH. 
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Fig. 180. Schematic diagram showing the application of 


Radio Co. frequency meter to the measurement of high : 


radiation but of quality as well. An ordinary 
exposure meter for example employs an elect; 
of measurement. Radiation falling upon ele 
ting surface of a photocell is converted dire, 
electric current capable of being measured 
ammeters or voltmeters. 

In many measurement applications the phot 
an intermediary between the thing which is to | 
and the indicating or recording instrument. TT) 
description of an electronic speed indicator and . 
tem is an example of this kind: 

Several years ago, physicists in the laborat 
U. S. Department of Public Health in Washi 
confronted with an unusual but interesting px 
involved the exact measurement and control o 
of an ultra-centrifuge rotating at 100,000 rpm. 
fuge used in this laboratory was driven by a 
compressed air and, like others of its type, rot 
similar stream for its bearing. The obvious meth: 
urement, that of using a neon-lamp stroboscope 
at a submultiple of the rotational speed in thi 
open to three objections: (1) the method would : 
accurate measurement rapidly because the su 
would be too close together on the commercial! 
stroboscopes available; (2) safety considerations 
the operator from being too near the centrifuge w! 
ating at such speeds, and (3) it provided no mear 
trolling the speed. 


The method finally proposed used a General Ra 


Electronic Frequency Meter to indicate the speed 
of light is reflected from the surface of the rota 
ment on the centrifuge and falls on a phototub: 


spot painted on the rotating surface interrupts th: 


once each revolution. The amplified output of the 
is then applied to the electronic frequency meter 
dicates the speed directly in revolutions per second 
ing the project one step further, a marginal re 
d-c. instrument circuit is then used to control th 
of the air stream driving the centrifuge, providin; 
matic speed control. 

This application of electron tubes to the solut 
difficult practical problem shows how the electron ‘ 
be made to accomplish things than cannot be done 
ways or as simply. This, it is true, was an unusu 
lem, one that does not occur very often and this 
of the reasons it was cited as an example. Anothe 


for presenting it here, however, is because it involves 
use of all of the fundamental types of tubes we ha\ 


sidered in these articles. As will be shown, it mak« 
the photoelectric tube, the cold-cathode glow tube, t 
vacuum amplifier and the gas-filled hot-cathode 
both the diode and triode forms. 


The circuit arrangement is shown in Fig. 180. At the le 


is shown the phototube which picks up the light 


from the rotating element of the centrifuge. The out mt 


this tube (which, in common with the output of an 
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INSTRUMENT | 
APPLICATIONS 


Are you designing an instrument that 
needs an electric motor-operated unit for 
cycling, for operating, for adjusting, for 
switching, or for some similar purpose? 
Then consider the use of a Barber-Colman 
Power Unit. They are available in various 
types and sizes and are effective in numer- 
ous applications. Tell us your require- 
ments and let us see if we can meet them, 
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mount’s portable 
Multiple Mano- 
meter for wind 
tunnel laborator- 
ies. Ten switch- 
controlled 
AYCK Power 
Units raise or 
lower the vari- 
able wells to set 
levels at any de- 
sired point. 


BARBER-COLMAN COMPANY 


4202 ROCK ST. e ROCKFORD, ILL. 
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VOLT-OHM- | 
MILLIAMMETER 


Sensitivity — | 
1,000 OHMS PER VOLT | 


ON BOTH A.C, AND D.C.II 


Measures :— 

A.C. AND D.C, VOLTAGES 
UPTO — 

1500 VOLTS 

A.C. CURRENT UP TO — 













ss 8 AMPERES 
. D.C. CURRENT UP TO — 
Now Available 30 AMPERES 
j for Prompt Delivery RESISTANCE UP TO — 
s 10 MEGOHMS 
Specifications :— 
6 D.C. VOLTAGE RANGES (1000 OHMS PER VOLT) 


0 TO 15/60/150/300/600/1500 VOLTS. 


VOLTAGE RANGES (1000 OHMS PER VOLT) 
0 TO 18/60/150/300/600/1500 VOLTS. 


CURRENT RANGES: 
0 TO 3/15/60/150 MILLIAMPERES 0 TO 3/15/30 AMPERES. 
A.C. CURRENT RANGE: 
0 TO 3 AMPERES. 
5S RESISTANCE RANGES: 
0 TO 1,000/10,000/100,000 OHMS. 
Model 710 uses a 4'/2” square 0 to 400 Microampere meter. All calibrations printed directi 
on meter scale in large easy-to-read type. Instrument is housed in rugged, heavy-duty Ook 
cabinet. Operates on self-contained batteries—no external source of 


current required. Comes complete with self-contained batteries, test 
leads and instructions. Size 6” x 10” x 10”. 


6 A.C. 
7 D.C. 


Price Complete 


SUPERIOR INSTRUMENTS CO., Dept. IN 


227 FULTON STREET, NEW YORK 7, NEW YORK 


0TO | MEGOHM-~ 0 TO 10 MEGOHMS. 


$34-50 
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Rugged construction, 
high torque move- 
ment, and watertight, 
dust-tight, fume- 
proof mounting pro- 
vide for consistent 
accuracy in these 

lnor distant reading 
electric thermometers. Installation is simple, 
and thermo-bulbs may be located wherever nec- 
essary up to a maximum of 1000 feet from the 
indicating instrument. The complete range of 
types includes single and multi-point thermom- 
eters, up to 14 points, both switchboard and 
portable types. 

Ten types of thermo-bulbs are available for use 
with Alnor thermometers, for use indoors or out, 
under pressure, in moving air, for use in liquids, 
bins or tanks, and for laboratory use. Write for 
bulletins with complete data. 


ILLINOIS TESTING LABORATORIES, INC. 


420 NORTH LA SALLE STREET 
CHICAGO 10, ILLINOIS 








FOR EVERYTHING 


IN ELECTRONICS 
ANG 
RADI 





® One contact with this one central source 
...and your procurement job is done! 
You save time, temper, worry. For to- 
day’s largest and most complete stocks are 
concentrated here under one roof... 
over 10,000 electronic and radio items 
...ready for rush delivery. What’s more, 
our close contact with leading manu- 
facturers assures latest supply data. 
This complete service simplifies and 
Speeds procurement. 

Write, Wire, or Phone Haymarket 6800 


ALLIED RADIO CORPORATION 





FREE 
Send for Today's 
Most Complete 

BUYING GUIDE 





833 W. Jackson, Dept. 28-K-4, Chicago 7, Mil. ALL 

Over 10,000 Items . . . such as: IED 
Tubes Condensers Resistors Switches 
Relays Transformers Rheostats Sockets RADIO 
Coils Photo Cells Rectifiers Receivers 
Wire Public Address Test Equip. Speakers 
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tube, is extremely weak) is amplified by the 76 ty 
plifier. This is a high-vacuum amplifier. The amp! 
put of this tube is delivered to the input transf T 
The secondary of this transformer is connected to 
of two gas-filled triodes, as shown. When the a 
voltage of this secondary is applied to the grids 
gas-discharge tubes, each tube becomes alternately 
ing and non-conducting. At each transition of the . 
from one tube to the other, a current pulse is sent 
the indicator circuit. Since the magnitude of eac] 
the same, the average current through the ammet 
rectly proportional to the number of pulses and t! 
can be calibrated directly in pulses or cycles pe 
The 84 full-wave high-vacuum rectifier serves as an ayto 
matic switch which switches the indicator circuit f 
side to the other. 

The 874, as may be recalled from a previous art 


a cold-cathode voltage regulator tube used to keep the ap. 
plied plate voltage to the 885’s below a certain | ting 
value. The actual plate supply circuit which furnishes the 
direct current for the 885’s is not shown but this in th. 
actual frequency meter uses an 82 full-wave mercury-vapor 
rectifier. 


Thus, it will be seen, practically every type of tube con- 
sidered in the foregoing chapters is used in this one circuit 
Let us list them again: 


1, The photoelectric tube 

2. The cold-cathode grid-glow tube (874) 

38. The high-vacuum amplifier (76) 

4. The high-vacuum rectifier (84) 

5. The mercury-vapor rectifier (82) 

6. The gas-discharge triode (885) 

Light Beam Linkage 

Aside from the interest the application just described has 
because of the tubes employed, the system is improved be- 
cause of the phototube arrangement which forms the con- 
necting link between the centrifuge and the frequency 
meter. The result might have been accomplished in other 
ways but nothing could be simpler nor more positive than 
the light beam and the photocell. The light beam exerts th 


least drag upon the movement of the rotating parts of am 
arrangement we can conceive; in terms of human unde. 
standing it is zero. Here, we have an actual example of 
what Dr. Hull meant in his statement referred to above 
It is improbable that mechanical contacts, however smal 
and well designed, could have been practical—the spe: 

too great. 

This principle of using light beams and photocells as 
links in measuring systems is one that has been found usefu 
in the design of many instruments, particularly in record 
ers of various kinds. These applications will be descril 
detail in subsequent articles, but in each case it 
possible to describe only a few examples in each diff 
class. To describe the thousands of devices and metho 
measurement in use today would require volumes and 


such attempt would be out of date almost before it could 


be published. 

In the application of electronics te instrumentati: 
are concerned less with the fundamental principles of 
urement than we are with methods for extending a: 
proving these fundamental principles. In the measur 
of length, for example, the simple and basic machinists’ 
micrometer finds its precision multiplied several tin 
using an electron tube to detect contact instead of t! 
sitive touch of the operator. This principle of det 
naturally, is applicable to a whole group of measure! 
Similarly the light-beam link between a mechanical s 
and an electrical system described above is applicable to 4 
great variety of measuring devices, 

Because of these broad applications of electronic princ 
ples to whole groups of measuring devices, it is not desir 
able to discuss the application of electronics to instru! a 
tion with respect to the various systems available for the 
classification of measurements. 

Fundamentally, it is possible to reduce all units of mea* 
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HEISE BOURDON TUNE 
LAgORATORIES 


EVERY DAY we are shipping these precision pres- 


f tube cop. sure gauges to be used in place of dead weight Bh connate ar yor hag loa 
one circuit testers. They are accurate, dependable and easy Elgin Sapphire Dies Cnet Sr aaa 


to read. Delivery—2 to 6 weeks. steel more than 300 to 1... and the gages 
are still in use as this goes to press! 

RANGE FROM 0-60 Ibs. to 0-10,000 ibs On forged steel parts, sapphire gages 

12” Dial have delivered more than 90.000 gagings 

without a sign of wear . . . while hi-speed 

steel gages, formerly used on comparable 

parts, averaged only 300 gagings before 








_— has = ‘ peaaiy er Se Sa tae they were worn beyond the lower toler- 
proved be- ; * : ance limit which was .0002” below the 
S the con- 2 we Rabert Mires: Sausqcicckce ee original vase size. 

frequency BROOK ROAD - Se _NEWTOWN, CONNECTICUT Elein Sa ew ee ill : 

: SE : +s : : Jjgin Sapphire Flug Gages will not rust, 
in other IN COLLABORATION WITH THE A. H. EMERY COMPANY burr or become distorted with use. There's 
itive than no chemical known that can corrode their 
exerts the = contact points of brilliant sapphire, next 
rts of any hardest material to diamond. Naturally, 
an under- there’s no wear allowance necessary. 
cample of T H ! S Write for prices and information about 
to above beautiful Elgin Sapphire Plug Gages. 
ver smal D R A F T AvailaLle in sizes from .040” to .400” and 
speed was D RA F with tolerances as fine as .00002”. 

_ 
tocells as rs a} : 


nd useful 
n record- 


scriped 1 


You know exactly how much 
draft—when you look at the 
Hays Draft Gage; exactly—not 
approximately. 

Amazingly tough yet soft and 
pliable, the colon leather dia- 
phragm withstands. constant 
flexing, yet sensitively records ELGIN SAPPHIRE PRODUCTS PRESENT MANY ADVANTAGES 
.0025 inch water. It lasts indefi- 
nitely—no effects from sudden 
overloads. 

Its dependable accuracy 
quickly established the Hays Needles * Cutting Tools for soft metals * Burnishing Tools for 
Draft Gage as the standard of soft metals *« Pressure Vessel Windows « Electrical Insulators + 
performance—it was the first of Watch Crystals * Honing Stones, 
the dry type gages. 

Write for Bulletin 40-294—gives America’s best equipped sapphire fabricator 


you complete information. E L G ‘ Nf N A T } oO N A L 
WATCH COMPANY 


SAPPHIRE PRODUCTS DIVISION 


for the following types of equipment: Ring Gages + Bearings « 
Thread Guides « Extrusion Dies » Gages * Knife Edges * Spray 
Nozzles « Diesel Injector Nozzles « Soft Wire Dies * Phonograph 


MICHIGAN CITY, INDIANA.USA nae 
932 Benton Street, Aurora, Illinois, U. S. A. a 
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ASSEMBLED RHEOSTATS 


This Ward Leonard rheostat, rheostat will drop from 0 to 375 


built for production testing of volts at any gwd from 15 a. 
grid-controlied tubes, 0.15 amperes. Series connect 


they drop 3750 volts. Parallel 
consists of five face plates, each 


connected they handle currents 
composed of two rheostats. Each up to 150 amperes. 


Send for rheostat bulletins of interest to you. 


RELAYS + RESISTORS * RHEOSTATS 


Electric control 


ail 


rectifier 





devices since 1892. 
Ward Leonard Electric Co., 38 South Street, Mount Vernon, N. Y. 


PHOTO COURTESY OF FOXBORO COMPANY 


| aw volume production in the heat treating and chemical industries 
depends on accurate, automatic control. Potentiometers provide this vital factor if 
equipped with dependable standard cells, thus protecting your profits. 


For a quarter century the great majority of Potentiometers have depended on 
EPLAB standard cells for accuracy. These cells act as a “yardstick” for translating 
voltage to temperature or pH. The first commercial 









cells of their type in America and constantly im- 
proved by research, they are today “as standard as 
sterling”. 





SPECIFY EPLAB CELLS when you 


order Potentsometric Instruments 


THE EPPLEY LABORATORY, INC. 

SCIENTIFIC INSTRUMENTS 

NEWPORT, RHODE ISLAND, U.S. A. 
STAN- 


EPLAB d% CELLS 


For Potentiometric Instruments 











“As Standard os Sterling” 
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ment to the three basic elements of either of th, 


tems of units in general use in the English speal. fies 





tries: the so-called British system having the yar oa 
pound as standard units of length and mass, .d th 
foot-pound-second (FPS) system; and the centime pee: 
second (CGS) system, having the centimeter and am ag 
standard units of length and mass, and known as ¢ metrie 
system. The fundamental unit of time is the san both 
systems, namely, the mean solar second, one-86,40\h of g 


mean solar day. 

All the various units which are used in practica| 
measurement are based upon these three concepts 
mass and time. Upon them are based the two elect; 
tem of measurement, the electromagnetic system 
electrostatic system.* Thermal units are also exp: 
terms of the CGS or FPS systems of units. Heat 
of energy which can be expressed in units of energ 
kind. A B.T.U., for example, is the equivalent of ° 
Temperature is a measure of the condition of a b 
reference to its capability to communicate heat 
bodies. 

In classifying instruments, however, it is not desirable 
to adhere too closely to the three basic units; it is better to 
list those concerning temperature and electrical magnitudes 
separately, as follows: 


1. Instruments for measuring 
A. Length 
B. Mass 
C. Time 
2. Instruments for measuring electrical magnitudes 
3. Instruments for measuring other physical magnit 
such as 
A. Temperature 
B. Humidity, viscosity 
C. Velocity 
4. Instruments for measuring electromagnetic r 
such as heat, light, x-rays, etc. 


With a system as this, all such devices as rulers, microm- 
eters, interferometers, thickness gages, etc., would be classi- 


ySical 
ength, 
al Sys- 
id the 
sed j 
form 
f any 
3 ft.lb, 

with 
other 


liation, 


fied under 1 A. Such devices as speed indicators, tachom- 
eters, counters, etc., would be classified under 3 C. Such 
classifications are quite definite. Others might prove more 
difficult. A device for measuring temperature, for example, 
might be grouped under 3 A, that is, temperature measur- 
ing instruments, or under 4, depending upon the nature of 


the device. A radiation pyrometer would probably be classi- 
fied as an instrument for measuring electromagnetic radi- 


ation, since heat waves are electromagnetic radiation: 


The system of classification just described may be re- 
garded as an absolute system, since it is based upon our 
absolute units of measurements. For practical purp: 
another system based upon a different set of principles may 
prove more convenient. For example, all instruments can 
be grouped under three headings as follows:+ 

1. Instruments for the measurement of quantity 

A. Absolute 
B. With respect to time 

2. Instruments for the measurement of quality 

3. Instruments for the measurement of condition 

As indicated, instruments for the measurement of 
tity (Group 1) can be divided into two groups: first, those 
for the measurement of quantity in buik or in total, and 
second, those for the measurement of quantity with respect 
to time. The first subdivision includes such devices as 


SS, 


quan 


cubic measures, integrating devices, etc., while the second 
has reference to devices such as ammeters and flowmeters. 
These are the instruments used primarily in accounting and 


cost finding but are also used in efficiency determinations. 
Under Group 2 are included instruments which measure 


the quality of things and under this grouping may be |isted 
calorimeters, gas analyzers, hydrometers, photometers 
~ ©The electromagnetic sub-system was established on the basis of 
the unit magnetic pole, such that it repelled its prototype at 8 
distance of 1 cm. with a force of 1 dyne. The dyne, of course, !§ 
derived from the centimeter, the gram and the second. Th my 

s 0 


trostatic sub-system was similarly established on the ba 
unit quantity of electricity such that it repelled its prototyp 
distance of 1 cm. with a force of 1 dyne. 


tPower Plant Engineering. January 1935. 
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These new high production precision fixtures open up new vistas 
in the field of second operation work. Their accuracy will meet the 
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most rigid requirements; their fast action leaves nothing to be 








desired; their compactness does not waste a fractional inch. They 












will hold a 1” bar so firmly that a strong man cannot turn it with 









































2 12” pipe wrench, yet in conjunction with a suitable pressure 4 
reducer they will gently handle the most delicate of precision parts 
as low as 1/16” in diameter. Automatic ejection of finished work. 
1d Write for new Mead Air Power Catalog. “7 
mag jeg i 
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nature of Combining extreme accuracy in the continuous 
ts — indication of low concentrations of carbon 
tic radi- . : F 
“ae monoxide, with the advantages of free port- 
— ability, this standard M.S.A. instrument is 
upon our direct-reading, self-contained, compact and 
“ poses, easy to operate. 
re a Powered by current from Edison storage 
battery cells contained in the instrument's 
1S case, the M.S.A. Carbon Monoxide Indicator 
> | ie ~ has a range of from 0 to .15% carbon mon- 
“N] ¥ f eh . . . . . . 
Ff | Va oxide in air—with a dial which can be read 
_— directly to .005% and estimated to .001% 
lot. these Cylindrical, Tapered or Square Shaped (ten parts per million). 
otal, and F. S. Precision-Bore Glass Tubes are made to ex- 
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ting and 00004”). For: Manometers, Barometers, Viscosime- or 
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LIQUIDOMETER 76 Geuze 
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“THEYRE ALWAYS DEPENDABLE 
100% automatic. 
No pumps, valves, or auxiliary units needed 
to read them. 
Models for either remote or direct readings. 
Accuracy unaffected by specific gravity of 
tank liquid. 
Approved by Underwriters’ Laboratories for 
gauging hazardous liquids. 

Write for complete details 
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These instruments are usually used in maintai; 
service requirements. 

Finally we have the group used in measuring 
tion of things, temperature, pressure, speed, vo] 
and here we may list thermometers, voltmeters ressure 
gages—instruments used primarily in maintai) ig nal 
operating conditions but of course also useful * other 
purposes. 

The two systems of classifying instruments 
considered in some detail here to show how difficul! 
be to attempt using them in the classification of , 
applications. Even a superficial study of electro) 
ments will show that the application of electro) 
strumentation has little bearing on such systems 
fication. It will be found that the electronic prin 
volved bear no relation to the commodity or va 
measured. Thus, the electronic, and photoelectric 
described in a later article can be used to record 1 
urement of almost any variable magnitude—volt: 
rent, phase relationship, temperature, thickness, 
etc. Similarly, certain types of electronic indicat 
adaptable to the measurement of widely different 
ties and qualities. 

The fundamental functions of electronics in thé 
instrumentation, therefore, are more logically listed unde 
the following general headings: 

Conversion 
Amplification 

Sensitive contact 

The photoelectric effect 
Light-beam linkage 
Cathode-ray action 
Oscillation 

To this list, one may be inclined to add the piezoclectric 
effect, since many electronic instruments make use of this 
effect, but since the piezoelectric effect was discovered long 
before the science of electronics was developed, it is better 
to regard it as a fundamental method of measurement, like 
the thermoelectric effect. Both the piezoelectric effect and the 
thermoelectric effect are undoubtedly electronic in natt 

Thus it is seen that the applications of electronics in the 
field of instrumentation can be grouped under a compara- 
tively few simple headings. In some cases one group de- 
pends upon another: the light-beam linkage principle, for 
example, is dependent upon the photoelectric effect. Simi- 
larly the sensitive contact principle used in electronic mi- 
crometers is dependent upon amplification but, in each case, 
it is desirable to list these functions separately. 

(To be continued) 
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ELECTRIC GAGING METHODS 
(Continued from page 605) 


This gage is extremely compact, simple, and robust. It has 
had a wide application in automobile gages, in small con- 
trols and the like. 

A novel and extremely useful method for measuring the 
thickness of metallic plates when only one side is available 
is illustrated in Fig. 78. It may be applied to any con- 

Evecrrooes ducting material—rot necessarily me 

; tallic. If a set of four electrodes be 

set up as illustrated, and a current 

introduced into the specimen through 

the outer two of the four, while the 

potential difference between the inner 

two is measured with a sensitive gal- 

vanometer, a definite relation « e 
established between the potential-current ratio a1 
thickness of the metal. There are certain experi 
difficulties which require precautionary measures, | 
method has a successful record.175 The errors dep: 
most entirely upon the care exercised in use; howev 
basic difficulty is that if the two sides of the plate a 


(175) B. M, Thornton and W. M. Thornton. Measure 
the thickness of Metal Walls from One Surface Only, by a 
trical Method. Proceedings of the Institution of Mechanica 
neers (London), Vol. 140, 1938, pages 349-398. 
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Materials processed with radium compounds 
glow everlastingly in the dark without activation 
from any outside source. 

We process with luminescent compounds, all 
types of dials and other devices, in metals, 
plastics and glass, according to the latest Army 
and Navy specifications. Our perfected labo- 
ratory methods ensure uniform accuracy and 
durability of applied numerals, lettering and 
calibrations. Information and estimates on your 
specifications furnished promptly on request. 
First in Radium— Under one control—mining, 
refining, technical research, processing and 
distribution of radium products for industry. 
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parallel, a single reading is quite misleading. | 
situation, a set of several readings at different or 
must be made, and the results analyzed. Another 
condition is that the electrode spacing be rather | 
pared to the thickness of the plate. 

A novel method, based upon the same princip] 
just described, has been used for measuring the 
ture of boiler tubes, in inaccessible locations. The 
ture of the metal affects its resistivity, as has been d 
and the resistance (hence the resistivity) can be ; 
by passing a current through the body and measu: 
able potentials.176 

Likewise, such a method has been employed to c 
composition and quality of small metal parts. I 
respects, it resembles the rail- and cable-testing 
previously described, but whereas those methods 
signed to locate discontinuities in sound material, 
here referred to depends upon the change in prop: 
the material due to composition or heat-treatment t 
the resistivity of the material.177 (To be con 

(176) J. H. Marchant. An Electrical Method of Det 
the Mean Surface Temperature of Tubes. Transactions A 
Society of Mechanical Engineers, Vol. 59, 1937, pages A-1 
(177) Haakon Styri. Testing of Ball Bearing Races 


tric and Magnetic Methods. Proceedings American Sox 
Testing Materials, Vol. 26, part II, 1926, pages 148-176. 
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OINT TESTER 


This R.S.Co. dew point 
tester is accurate within 
0.2°F. even on high pres- 


Dew P 









sure gas transmission lines. 


With this dew point tester it is possible to 
determine the dew point of gases under 
the conditions of pressure as they are found 
to exist; and, dew points can be accurately 
determined with safety at high pressures. 


Write for Bulletin 


TRE. REFINER? SUPPLY CQ. 


. TULSA 3, OKLA . 
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be } 

wi, c 
iy U. spacllen of hard-to-get-at places 
ne oi yoy made certain and accurate with the help of 
er WAPPLER 

2 WNDUSTRIAL TELESCOPES 
a ge 


Internal Surfaces.” 


76, 'V for - Eahle: 


Cam 
‘s = ; part to be inspected, or preferably 
“ao the part itself. 
Industrial Division 


AMERICAN CYSTOSCOPE MAKERS, Inc. 


FREDERICK C. WAPPLER, Pres. 


1241 Lafayette Ave (Bronx) New York, U.S.A. 


For prompt action and our recom- 
mendations, include drawing of 








is required. e 





from minus 100° to plus 


heat (and cold) control. 
115yv. 


* The Submersion Thermoswitch 





PLEASANT $T., ASHLAND, 









Sealed with long extension conduit 
which is easy to bend this Thermoswitch 
is much used in Laboratory and manu- 
facturing fields where total submersion 


With =1/10° sensitivity and a range 


Thermoswitch is today’s most efficient 


Write for new Catalog. 


600° F. the 











Rated 10a. 


, F ’ PA INCORPORATED. 


MASSACHUSETTS 


The Smallest 
OWITCH 


IN PRODUCTION AND USE! 


occa 


pee CO. 
ACRO ELECTRIC 
CLEVELAND, OHIO 


5 — an 


4 





This NEW ACRO MINIAC—the smallest fully enclosed snap-action 
switch in production and use—is built with the well-known 
patented ROLLING SPRING that eliminates friction, maintains 
higher contact pressure and prolongs life. 

Built with a bakelite case, it is only 1-3/16'' long, 13/16" wide 
and only a trifle over 1 /4’’ thick. Designed with 4 mounting holes 
3/32"’ diameter. Unusually well adapted for stacking in multiple 
assemblies. Stainless steel pin actuator. All parts are noncorro- 
sive. All contacts are of fine silver. Blades and rolling spring of 
beryllium copper. Single pole, normally open or normally closed 
and double throw. Available with air gaps, .010’’ to .040’’. 
Standard operating pressures in 3 ranges from 5 oz. to 20 oz. 
RATED AT 15 AMPS., 115 VOLTS, A.C. Write for details today. 


ACRO ELECTRIC CO. ct cine ns ene 


New York, Chicago, Buffalo, Detroit, Dallas, Omaha, St. Paul, 
Kansas City, Memphis, Tampa, Baltimore, New Orleans, 
Phoenix, Los Angeles, Dayton, Toronto, Canada 
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METERS and CONTROL 
for Boiler Room 


Boiler Meters 


Reduce fuel 
costs, lessen 
maintenance 
and outage, low- 
erstandby costs, 
and add capac- 
ity. They indi- 
cate, record and 
integrate Steam 
Flow from the 
boiler, record 
Air Flow sup- 
plied for com- 
bustion and record Flue Gas Temperature. 





Bailey Boiler Meter 


Multi-Pointer Gages for indicating 
drafts, pressures, differentials are available 
with any number of pointers from one to 
twelve. They are actuated by sturdy yet 
sensitive diaphragm units. 





Multi-Pointer Gage 


Flow Meters. For indicating, record- 
ing and integrating the flow of steam, feed 
water, compressed air and other fluids. 


Granular Material Meters 
For accurately measuring 
the flow of coal or other 
granular materials in 
gravity chutes from over- 
head bunkers. The total 
quantity of granular ma- 
terial is shown on a large 
illuminated counter which 
may be easily read at a 
distance of 50 feet. 


Control Systems 
Make possible the every- 
day operation of equipment for steam 
generation and utilization at test efficien- 
cies. They are applied to the control of 
combustion, feed water, superheat, de- 
superheat and other factors. 
Complete Infor on any of the above Bailey 


will be gladly 7 upon request. 
G-14 


BAILEY METER 


Coal Meter 





e COMPANY ° 





104] Ivanhoe Rd., Cleveland,Ohio 


BAILEY METER COMPANY LTD., MONTREAL 
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The Month’s NE 
INSTRUMEN 


In this department we report each month new devices for measurement, ip. 
spection, testing, metering and automatic control—in the form of concise tech. 
nical descriptions. When writing to manufacturers directly, please mention this 
department. Or write to Information Section, Instruments Publishing Company. 








“Compressor-trol” 

New “Ashcroft Compres- 
sor-trol” is said to be an 
instrument which combines 
seven devices for the con- 
trol of compressor opera- 
tions. It is said to elimi- 
nate necessity of using pipe 
and pipe fitting, simplifying 
installation and reducing 
possibility of air leakage. It 
is made in three sizes: 4” 
3%” and 1%” (sizes deter- 
mined by inlet connection) 
to cover all requirements of 
tank - mounted compressors 
up to 15 h.p. or 60 ft.3/min. 
Equipped with “Ashcroft 
Duraswitch,” with either an 
electric or mechanical at- 
tachment for operating the 
two-way unloading valve 
mounted on the “Compres- 
sor-trol” casting. Muffler on 
compressor discharges into 
tank. Muffler acts to break 
up discharge and to dis- 
perse air in a manner said 
to igsure adequate mixing with cooler gases 
in tank to reduce temperature and moisture 
content before delivery. Combined ‘“Ash- 
croft Duraswitch and Gauge” has heavy- 
duty gearless movement, slide rule dial, 
horizental self-draining and non-freezing 
Bourdon tube, and entire gage is complete- 
ly removable and rerlaceable in case of ac- 
cidental damage. Can be furnished in all 
standard pressure ranges.—Electro-Mechan- 
ical Diivsion, Manning, Maxwell € Moore, 
Inc., Bridgeport, Conn. 








Voltage-regulating Transformer 

New “Model TH Transtat” a-c. voltage 
regulator is smallest ‘“‘Transtat,” is said to 
have high rating to size ratio and to in- 
corporate “a number of noteworthy devel- 
opments.” Brush arm is of unique design: 


fe FI Wee 








a die casting which permits goo 
sipation, provides a simple mear 
ing brushes and protects commut caing 
short circuiting contact with b: holde 


Shaft is independent of brush LSSer 
bly and can be removed by di ng on 
pin, Thus, unit can be quickly ch 1 fro 


panel mounting to table mounting rang 


with other units for polyphase o ta, 
neous single-phase control. By e 

phenolic thermosetting plastic of new q 
sign, high dimensional conforma: sald 
to be assured and accidental lead yrting 
is prevented, Among refinements: \ et 
insulated wire, impregnation of e an 
coil with a synthetic phenolic resi nisi 
of rolymerizing type, followed by baking 
corrosion-resistant fittings, and lual 
mounting arrangement for open delta three 
phase control minimizing wast , 
American Transformer Co., 164 Emmet St. 


Newark, N. J. 


Carbide Thread Plug Gages 


New line of carbide thread plug 
said to be complete and it is cla 
extreme care in grinding operatio! 
these gages accurate to “exceptior ( 





tolerances,” Wear-resisting properties 
carbide make possible continued uccura 


over longer periods of time, and _ permit 
more gaging operations to b>? performed 
before checking or refinishing than with 
steel. Three styles are offered, made to 
American Gage Design standards Solid 
carbide is used for the smaller size gaginz 
members. Larger sizes have x carbide 
bushing over a steel body. All gaging 
members are ground from solid carbid 


Available sizes range from 0.112” to 3, 
aceurately ground to Class X or Class Y 
tolerances.—Jansson Gage Co., 19208 Gilet 
dale Ave., Detroit 28, Mich. 


— 





“Three-sense” Torque Wrench 


New “Sensory Torque Wrench” is said t0 
represent culmination of seven years of ex 
tensive research: a wrench that “i! se ii 
faster than thought,” will stand ordi 
nary shop abuse and yet remain dead ac 
curate. New “Sensory” model closely resem 


bles maker’s previous models in appearance 
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new 


A totally new lubricant—Dow Corning Stopcock 
Grease—is proving a highly effective sealer and 
lubricant for stopcock and other ground glass 
joints used in high vacuum systems. It retains 
its vaseline-like consistency over a temperature 
range from —40°C. to 250°C. and is resistant 
to corrosive chemicals and oxygen. In addition, 
Dow Corning Stopcock Grease is insoluble ip 
water and is not affected by aqueous angiftical 


reagents. 


For information regarding Dow Corning Stopcock Grease, 


we suggest that you communicate with your laboratory 


supply house. 
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Facts You Should Know About 
C.M.H. Stainless Stee! BELLOWS 


I YOU PLAN to use bellows for vacuum equip- 


ment, thermostats, pressure controls, valves, 


recording instruments, hydraulic mechanisms, ro- 


tating shaft seals, or for other purposes, check 


these essential features of C.M.H. Stainless Steel 


BELLOWS. 


Corrosion resistant qualities of stainless steel enable wider appli- 


cation of C.M.H. BELLOWS. 


High and low temperatures do not affect the operating efficiency. 


Multiple ply construction gives even greater strength factors 


when needed. 


Ferrous fittings, attached by Circular Seam Welding, assure 


permanent, leakproof joints. 


Uni-metal assemblies avoid the costly troubles encountered 


where bi-metal types are used. 


Long lengths are standard production permitting economical use 
of C.M.H. Stainless Steel BELLOWS for many unusual types 


of applications. 


Better delivery schedules are possible because C.M.H. BELLOWS 
ore standard production products. 





Ask for Chicago Metal Hose 
Form SSB2 on which to submit 
your bellows requirements. It will 
save you time—assure more accu- 
rate transmittal of essential data. 











Flexible Metal Hose for Every Industrial Use 


For complete information 
about C.M.H. Stainless Steel 
BELLOWS and about the 
many types of Flexible Metal 
Hose in the complete C.M.H. 


line, write us today. 





cui(ao eel H 
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MAYWOOD, ILLINOIS 


Plants: Maywood and Elgin, Ill. 











Difference is that whereas pr: 
wrench depended solely on visu 
determine the applied torqu« 
embodies “sound” and “feel 
finger is provided which can | 
desired signalling point. When 
reached, the sensory action (1 
loud and distinct click and 
a definite strong impulse 
Thus, through three senses ( 
ing and feeling) the operat 
ically releases, by refiex action 
the wrench (“even before t} 
mind reports it” it is said) m 
both fast and accurate.—P, A 
Co., Addison, IJllinois. 


Poin 


sounds 


Air Gages for External Diamete 

New external-diameter gags e be 
developed which utilize air-flow princely 
and operate in conjunction wit Metric 
tor” instrument (see Instruments, July 194 











pages 453-454 for detailed technical desc 
tion of ‘‘Metricator’ Gaging System). 
gages are made in either Indicating ring or 
indicating snap gage type, dependir 
size of external diameter to be measured 
Size variations as small as 25 millionths of 
an inch can be readily detected. For in 
spection of parts requiring extreme acct- 
racy, amplification can be increased h 
parts can be classified into groups of 1 
microinch size difference without erator 
fatigue. At an amplification of approx. 4000, 
range is 0.002”. For parts ground in center 
less grinder, maker recommends new indl- 
cating rings with three equally-spaced meas 
uring orifices: these are said to make po 
sible easy and rapid detection of “three 
cornered” condition and other conditions 
which can only be detected with great dif 
ficulty by ordinary gaging methods. New 
gages are said to be of considerable assist 
ance in determining sources of embly 
difficulties as well as in remedying faulty 
machine operations. — Dept. $5, Metrica 
Laboratories Inc., 417 Detroit St., Am 
Arbor, Mich. 





Re-designed Circuit Breaker 


New 100-ampere “F-frame De-ion” fuse 
less circuit breaker requires less space than 
did preceding models, permits lighter struc 
tures for distribution panelboards, bullt-!n 
applications and bus duct plug-ins All 
ratings are available in one compact break- 
er with uniform pole spacings and t inal 
arrangement, providing complete Inter 
changeability between ratings. Ne Yr 
frame is said to permit for the fir 
a 100-amp. 600-volt a-c. or 250-volt d+ 
breaker in space formerly required 5Y it 


time 
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fon” fuse 
space than 
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a-c. or 250-volt d-c. rating. | 
thermal and instantaneous | 
elements, new breaker per-| 
, loading of circuits and fast | 
interrupted service. Contact 
ses with wear, thereby pro- 
contacts and breaker. Silver 
are said to give increased 
th lower wattage loss. Spe~| 
o prevents “freezing.” Both 


~ Shallcross 


pole units are available.— | 
Elec. & Mfg. Co., P. O. Box | 
h 30, Pa. 


Fine-adjustment Height Gage 
New “Model 1492” height gage consists 
centially of an upright-and-base (18” 
pacity), a dial indicator (‘‘Test- 
1 a special bracket. This brack- | 
lesign, is provided with a slide 


jax. vert 


QWCrew 


AS 





-Cla INP rg 


Tine-adjustment Serew 
(see sketch) 








Uinematic Lin k 
(90 Oack/as:) 





brake, which prevents its dropping when 
lamping screw is loosened; and also with 


fine-adjustment feature of kinematic de- | 


ign (see sketch) whereby the dial indi- 
ator can be set to gage blocks without 
heed of ‘‘tapping”’ or other final manipula- 
on. Outfit comprising 20” stand, bracket, 
nd English or Metric “Testmaster” is sup- 
lied in wooden case. New fine-adjustment 
pracket is available separately: it will fit 


bny height gage having an upright 1%” xX | 
4” and it has a 0.219” diam. stud on which | 


0 attach a dial indicator.—Federal Prod- 
ets Corp., 1144 Eddy St., Providence, R. I. 





Aircraft Electrical Analyzer 


New “Umeo Aircraft Electrical Analyzer” 
is a portable unit whereby it is claimed that 


hat “all wiring and electrical troubles on} 
5% of American aircraft can be analyzed | 


— 
a at 


Test & Measuring 
EQUIPMENT 


(Corona-Protected) 











OTHER SHALLCROSS 
PRODUCTS 


Write for literature on 
any type. 
Ayrton-Universal Shunts 
Ratio Arm Boxes 
Secondary Standard 
Resistors 
Multi-Resistance Standards 
Megohm Decade 
Standards 
Decade Resistance Boxes 
Decade Potentiometers 
Heavy-Duty Decade Shallcross Portable 
Standards oo in ons 
Megohmmeters =< able for tee berths. 
Megohm Bridges 
Percent Limit Bridges 
Decibel Meters — From Kilovoltmeter Multipliers to corona- 
Telephone Transmission protected resistors, Shallcross offers a coni- 


Testing Equipment ; 
Wheatstone Bridges plete line of measuring and test equipmeni, 


Fault-Location Bridges as well as many components, all especially 
a designed for the high voltages now coming 
High-Voltage Measuring into more general use. Much of this equip- 
Apparatus ment cannot yet be cataloged completely. 
Low-Resistance Test Sets : . 
Kilovoltmeter Multipliers Much more is especially designed to meet 
Rotary Selector Switches customers’ specifications based on the 
Accurate Fixed rapid advancements in radar, television, 


Wire-Wound Resistors fi Sai oi 
Attenuation Pads radio transmitting, dust precipitators, power 
Logarithmic Decade Boxes transmission, and similar equipment. 


Portable Galvanometers Bring your high-voltage measurement 
problems to Shallcross! 


SHALLCROSS MFG. CO. 


DEPT. IS- 104, COLLINGDALE, PA. 


ENGINEERING + DESIGNING + MANUFACTURING 
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and located. New unit can a! 
checking open circuits, shor 
measuring resistances of an 
ment. A tee adapter is insert 
cuit to be tested; the selecto; 
unit is turned to that specific , i 
test can be completely made. 


PORTABLE POWER PROBLEMS 








to 
q }y: 
is said to be especially ady Be, het 
THIS MONTH—AUTOMATIC FLIGHT RECORDER | testing and adjusting voltage 1 tors ame 
| reverse current relays. Unit lete wi. 
| all accessories weighs appr: The Pere 
United Hydraulic Mfg. Co., 2 na 


“4 u. § 


Los Angeles 11, Calif. 


Four-way Valve for Position 


Control 
New “No. 13261” remote-; 
way control valve eliminates « 
push-pull rods and “old-fashior 
cal controls,” permits regulat 



















THE RADIO FLIGHT REPORTER accurately supplements test-pilot observations on 
performances of new planes. From a 70-point system of gauges, vibration, strain and | 
engine performance readings are flashed to the ground receiver. When this amazing | Pressure hydraulic systems wit! 






oe bd etan ; 
device was developed by Consolidated Vultee, the portable power was supplied by | aoe” Seagyass geese gt . i 
Burgess Batteries, used in all laboratory testing and development work at Vultee Field. Ibs. /in.2 and is designed for %," lines. Unitilihe pré 
- | for flows and pressures are available. It ines, 
claimed that important weight and installagiingeles 
tion savings are accomplished through w 
of “ISOdraulic” controls comprising an in 
dependent system operating from -—65°F. t 
165°F. with either master or slave or bo Nor 


at either extreme.—Adel Precision Product As 
Corp., Burbank, Calif. a 








Laboratory Furnaces 


> New line of high-temperature laborator 
furnaces with maximum temperatures of 
2750°F. and operating temperatures offs § 
2500°F. is said to be complete. These fur 
naces are for industrial and school laborate 



















ries where materials are to be heated in an | 
; . oxidizing atmosphere at temperatures above 
AT THE GROUND STATION, a Burgess-powered receiver records all data on ticker those attainable with metallic elements: 





tape, sound film and disks. Analysis of film and disks permits engineers accurately to also for applications where special cond: 
determine the planes’ performance under varied conditions. New, special purpose bat- | 











teries are constantly being developed by Burgess engineers. Let them solve your 
problems whenever they involve industrial applications of portable power. 


FREE e « e 80-PAGE ENGINEERING MANUAL! 






31 descriptive pages, 25 charts and 36 data tables on dry battery charac- 
teristics for electronic applications. Tabbed for ready-reference. Write 
Dept. 4 for your freecopy. Burgess Battery Company, Freeport, III 


Name 





Address 5 0 wee Oem 


City Tn ee eee ele ee 
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ents of this class. 


e 
nd 4” 


New ‘Microcopy 


type or 


36 ”" wide 


ved, such as rapid heating, or 
il atmospheres not injurious 
le. New furnaces are equipped 
irbide muffle and are heated 
lok Brand non-metallic heating 
1 above and below the muf- 
niform distribution of heat. 
a counter-balanced 
ble. Furnaces are 
with chamber dimensions of 
x 5” deep, and 
‘wide X 18” deep. They are 
bench mounting or with legs 
nting.—Harper 
iagara Falls, N. Y. 





Flow-rate Indicator 
“M Rate of Flow Indicator” (dif- 
| type) employs 

which takes the place of the 
nn commonly used 


8 


2, Calif. 





Microfilm Process 
Translite Hi-Reduction 
s said to be a simple and econom- 
al method of condensing and preserving 
rds for an indefinite period. 
bscribed as the application of microfilming 
ering drawings, 
lustrial manufacturing plant files, 
f a high-fidelity translite feature, 
to be particularly adaptable to 



























It will, therefore, with- 
with makerfMend extreme over-ranging without dam- 
le compact in size, 
long) it can be furnished to handle 
e pressures to 1,000 Ibs./in.2—Morey & 
td., 922 South 


Reg. U. S. Pat. Of. 











..» THE “MEGGER”~ INSULATION TESTER 


The dependability of the “Megger” Instrument for 
measuring electrical insulation resistance is like the 
constancy of Ohm’s Law, on which principle it actually 
operates. This “Megger” method for testing insulation 
resistance is simple and remarkably accurate. The 
principle is precisely the same as it was forty years 
ago and yet it meets today’s needs perfectly. 

You will find the same ruggedness and dependability 
in U.S.-made “Megger” instruments that the electrical 
industry has known for so long a time. 

Let us send you full details on various types and 
ratings. Ask for Bulletin 1685-1. 


PRINCIPLE OF OPERATION 


In what we term a cross-coil true 
ohmmeter, two coils are mounted 
in fixed relation to each other on 
the same pivot-and-jewel moving 
system in the field of a permanent 
magnet. “Current” flows in coil 
A and “potential” in coil B, and 
they are connected so that their 





respective torques oppose each other. Since there are no con- 
trol springs, the opposing coils give a true ratio of E/I, and 
ohms (or megohms) are indicated directly by a pointer over 
a scale. The readings are independent of the voltage of the 
hand-driven d-c generator, because any change in the voltage 
affects both coils in the same proportion. 








JAMES G. BIDDLE CO. rains, en: 
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Photo courtesy of 
Simpson Electric Co, 
Chicago, Iil. 


onant’s standard midget 
LEADS A 3-WAY LIFE! 


(series 160) 
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20 Vesey St., New York 7, New York 


85 E. Gay St., Columbus, Ohio 


600 S. Michigan Ave., Chicago 5, Ill. 








Yes, indeed, the standard midgets of the Conant 
family (160” diameter discs) are versatile. 
The unique full metal case protects the rectifier 
assembly from damage and permits mounting 
in any of three positions with a single screw. 
Combining the three positions with angular 
mounting permits the leads to extend from the 
rectifier in almost any direction. Thus, 
one standard rectifier serves for all models. 
Further protection is provided by a 
special moisture proof seal. 
Design and construction of Series 160 
are the result of years of experience and close 
cooperation with instrument manufacturers. 
For all applications requiring high sensitivity 
operation over an extended frequency 
range, you can count on Conant’s Standard 
Midget—Series 160, 





Srnitiument Rectifiers 
ELECTRICAL LABORATORIES 


6500 O STREET, LINCOLN 5, NEBRASKA, U.S. A. 








2017 Grand Ave., Kansas City, Mo: 
7935 Eustis St., Dallas 18, Texas 


4018 Greer Ave., St. Louis, Mo. Caixa Postal 930, Sco Paulo, Brazil 


4214 Country Club Dr.,Long Beach7, Cal. 
4205 N.E. 22nd Ave., Portland 11, Ore. 


| 





engineering drawings, in px 

parent paper. “Microcopy” r 

graphs being on a continuoy 
copy” master-files are said t 

per-proof, extraction-proof an 
proof. For reading ‘“Microco; 
copy Multiple-magnification \ 
plied in various models, or 

illustrated. Viewer, eperated 
picture film projector princip! 
simply from a control panel, 
finding locations on films by ; 
largements to be made on t 
well as permitting any portio) 
to be centralized within the fy 
reading.—Microcopy 
Ave., Burbank, Calif. 


Corp., 


Liquid Level Gave 
New leakproof liquid lev: 
signed for use in bomb bay fu 
not employ conventional lev: 
which swings through an ar 


one which, with its attached Al 
nent magnet, travels vertically uy; 
within a tube. Tube has a spiral 
which guides and rotates float 


float is imparted to dial indicator by 1 


through non-magn¢ 
separates dial 
Large 


action 
which 
interior. 


netic 
floor 
tank 


the dull black dial background 
figures on white background). D 
through 300° are. 


and lever type action might be i 
tank wall.—Rochester Mfa. Co., 
New York. 





Electrocardiograph 
New EPL Electrocardiograph 


less direct-recording instrument said 


“instantaneous standard reading: 


been designed to eliminate all phot 
It is said that ordinary 


procedures. 
fering electrical fields do not aff 
eration. Features include “high 
economy,” use for continuous 
permanent records, ete. Small 1 


chamber 
white fluorescent 
phosphorescent markings stand out 


Either side vie 
view dials. New gages are said to b 
suited for applications where ordinary 
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1215 Harmon Pl., Minneapolis 3, Minn. 1526 Ivy St., Denver, Colo. 50 Yarmouth Rd., Toronto, Canade 
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ely, thereby immediately mak- 
further investigation. Recorder 
ocardiograph may be used in 
ith other equipment for labora- 
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¥ new ¢ 


. tityr junctl z 
O} “Mien a rest It provides an amplifier and 
Viewor” ;. fb order which will give @ record between 
8a ecoruc: ‘ 
né aay + cycle 80 cycles per second at a 


d a yA citivit 1 millivolt for 2 cm, total de- 










T te: eh range from zero to 80 cycles 
e] a br 607 Its for 2 em. deflection. A high- 
ttt peed W can be supplied which will 
t eG. tend frequency range to approximately d d h e e “ 
! yp: a evclé secause of special damping cir- | A vance Tec nique For Calibration 
fr for ; 7 wit empl d, excellent transient response f 
2 7 ~ _ said to be secured, Although in the high- o Reed Frequency Meters 
’ ensitivit ynnection, the amplifier is not} 
true d-c. amplifier, the phase correction | 
4 i } “perfect square-wave response” | --Perrmanent 
Jac . ror 80 evcles is said to be realized | rmagnet 
= sh the -millivolt sensitivity connection. 
el -Flectro-Physical Laboratories, Inc., 45 








set 18th Street, New York, N. Y. 



















re P 9 
+e 
Borescopes 
Originally designed for internal surface 
sspection of gun bores, “Polan Borescopes” | 
re available to private industry, cover a 
fiameter range from 13/16” to al and a 


| Model 33-F 
| 


Hose egy. Misi a vibrating reed against the 


at. Motion @@ore length up to 30 feet. Makers have sound of a tuning fork may sound like 
‘ator by mageveloped a complete line of these indus- | double talk... but that is essentially the 


vgnet rial telescopes, which are claimed to come | — : - : : 
hamber frgpine a highly corrected lens system, excel-|) principle in the exacting process of J-B-T Frequency Meter calibration. 


Auorescent ent interior illumination and rugged de- i 


d out againgmglsn. It is said that instruments do not | ? ? n 
nd ‘or bladitrain the inspector’s eyes when operatea| Tuning forks are the most dependable source of mono-chromatic vibra- 


Dl er ee” “Borcatenes are'avattte in| HOR frequencies, so JB engineers devised equipment, the only equip- 

| to be idealmptraight form, right-angle extension form| ment of its kind, to translate the frequencies of temperature-controlled 

Milition. carious special attatchmente have| tuning forks into electronic impulses. These impulses are delivered to the 

cis ta hak ere 1497| stroboscopic and electronic calibration equipment at the assembly and 

; inspection stations where they are used visually to 

High-frequency Generators prove the accuracy of every J-B-T Frequency Meter 

New line of high-frequency generators! yeed. And still not satisfied, J-B-T engineers check Ps 
Pe, 
waRaring neep | [= 
| FREQUENCY METERS | ti 


MODEL 23+ FREQUENCY METER 
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ith ratings of 1, 2, 5, 10 and 20 kw, in| , Msi 2 

ine with NEMA standards is announced for| these master tuning forks daily against time signals 
both induction and dielectric heating loads, 

§ said to be a complete line. (Units of 50- from the Bureau of Standards. 
0 200-k w. capacity can be supplied in addi- ae E i 
ion to standard 1- to 20-kw. ratings.) Units} The superiority of this equipment for frequency test- 
bre completely self-contained, require only| . ° P P P ° 
slectrical connection to a 60-cycle power) img, exclusive with J-B-T, is recognized by authori- 
ties in the electrical industry and in the war effort. send for illustrated 


bulletin. VF- 
It is one of the reasons why J-B-TMeterscanbeguar-  puveta va. oo 


le meters, and th 
anteed permanently accurate to + 0.3% or better. Saw compact 215 inch 


meters. 
® 


For all 342” instruments, black molded cases are now available 
to meet highest government standards and the mounting dimen- 
sions of ASA C 39.2—1944 and proposed JAN-I-6. 
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(Manufactured under Triplett Patents and/or Patents Pending) 


J-B-T INSTRUMENTS, INC. 


443 CHAPEL STREET @© NEW HAVEN 8, CONNECTICUT jo_ynT-5 
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supply and have no external cooling or other 


volts single-phase for ratings of 5 kw. or 
° 


lower and 3-phase for 10 kw. and higher. 


kw. units and increased portability of the istics: 
'0-kw. unit. Tube-cooling air blower circu- with 


Cabinet encloses oscillator, power supply, New 
blower, and necessary switchgear. High- electrical pick-up or gage head of the dif- 
frequency section is completely shielded. ferential type, made in ranges of 0 to 1,000 
Automatic timing control permits load cycle  Ilbs./in.2 
adjustment and automatic repetition. Termi- as 0 to 1 Ib./in.2, 
nals are provided for remote control. Use of have a frequency response of 0 to 200 cps. 
air-cooled tubes in the standardized genera- in higher ranges, dynamic characteristics 
tors allows portability of the 2-, 5-, and 10- are from 0 to 





auxiliaries. Primary voltage is 220 or 440 Dynamic Pressure Gaging 


Pick-up 


“Dynamic Pressure Gauge” is an 


lates air throughout entire equipment, aug- 5 volts across gage bridge circuit; output, 
menting factor of safety. Generators are 7 millivolts. Temperature drift: 0.035% per 


ivailable for frequencies of 450 ke., 5, 15 degree Centigrade to +100° C. Style of 
and 30 Mc. for ratings through 10 kw. and electrical connections can be furnished as 
{50 ke., 2 and 10 Mc. for 20 kw. and higher. specified by user, Standard pressure connec- 
Time-delay switches are standard on all tions are 4%” NPS. Each gage head is fur- 
rectifiers. Step starters are used in 20-kw. nished with static pressure calibration curve 
and larger generators.—Westinghouse Elec. indicating diaphragm characteristics. Bodies 

Mfo. Co., East Pittsburgh, Pa. of pick-up designed for high-pressure work 











Ingenious New 





Now—Air Operated Collet Chuck Relieves 
Second Operation Work on Screw Machines 


Work formerly requiring automatic or hand screw machines 
can now be done at much less cost through the combination 
of this new air chuck and any drill press. The Redmer Air 
Chuck is a collet air chuck using standard Brown & Sharpe 
type screw machine collets. The collet remains stationary, the 
opening and closing controlled by a sleeve action. 


By using a collet as the chucking means, slight variations 
in the diameter of the work as frequently experienced with 
automatic and hand screw machine products can be per- 
mitted without sacrificing accuracy or concentricity. Thus 
accomplishing an important saving in time and cost. 


The air chuck is an ideal tool for holding parts for drilling, 
milling, slotting, burring, chamfering, boring, counterbor- 
ing, tapping, threading, reaming and other work where the 
machine operation should be concentric with the chucking 
surface. It is adaptable to many different jobs merely by 
changing collet and stop. This results in saving of valuable 
production metals and materials. The chuck will take any 
type work whether round, hex, square or rectangular, and 
permits full efficiency of the operator, as it is operated by a 
foot operated valve thus leaving hands free to load and un- 
load—reducing fatigue and cutting unproductive time to a 
minimum. 


Wrigley’s Spearmint Gum, too, is a help on the job. For 
chewing gum helps relieve dry +g and helps ease fatigue 
brought on by the strain of work. And at the same time you 
are chewing and getting the benefits of swell tasting W rigley’ s 
Spearmint, both Eeeae are free and you need not take a “time 
out.”” The Army and Navy have recognized these benefits and 
are now shipping overseas on/y, all of the limited production 
of Wrigley’s Spearmint. When Wrigley’s Spearmint can 
again be produced in sufficient quantity for all, the valuable 
benefits of Wrigley's Spearmint Gum now being proven on 
the battlefield will apply to industry here at home. 


You can get complete information from Redmer Air Devices 
Corp., 601 West Washington Blvd., Chicago 6, Il. 
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Technical Methods 


Presented in the hope that they will 
‘ prove interesting and useful to you. 





























An air operated collet holding 
fixture for precision chucking 


or machine tools 
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Chuck can be mounted on angle 
for angle milling job 


Y-151 


and in intermediate ranges as low 
Low-pressure pick-ups 


500 cps. Electrical character- 
impedance bridge type for operation 
2000-cycle carrier equipment; input, 


me 








are of stainless steel; pick-u; 
designed for air-foil studies 

num and furnished with lead: 
electrical connector. Associat< 


CCifleg 
f aly 
ther th 



















































ply and amplifier equipment Mg. 
able from the manufacturer, ome d r- 
strument Co., 37 West Van Bi St ¥ 
cago, Ill. a 





Pneumatically-comma ided 
Hydraulic Serv: 


New ‘Model 4000” hydrauli 






















wer Ww 
has been specifically designed 18e wif 
air-operated automatic-control rumen 
It substitutes an oil-hydraulic nder # 
the usual spring-opposed diap! m whl 
the rest of the controller remai: san 
and operates in the usual manr The 
sult is a pneumatic-hydrauli itomat 
\ |] aiR-OPERATEC re all 
\ CONTROLLER pnt 
© [Lez to's® ent *S 
-—— 7": elope ] 
y me ir 
K jaimed 
; not €} 
P| nee. : sheres 
|| Characteristic ~~ ~hh--- Bog py 
si f re ) 
enden 
= A equine 
STROKE bressur'é 
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controller (see Fig. 1) which finds applica, 4000 
tion (1) when handling erratic or shod, ynit 
loads where it is necessary to have not onl nnect! 
instantaneous application of power but als 
self-locking action which can only be hal 
with an incompressible medium like oil 
(2) when handling heavy loads; (3) when 
double-acting operation of the servo-moto 
is necessary to provide braking action 
(4) when exceptionally long strokes a New 
required; (5) when these power requircgginstrun 
ments are supplemental to those of othegiwith pr 
final elements, such as K in Fig. 1, [omgggeo des 
which air operation is desired withoujtime in 
change. Operation (see Fig. 2) \ir loadgiithe pil: 
ing pressure from the control instrumen¥tion of 


ator C 


6, Il 
















is applied to bellows A. Bellows movediMerence 
ment acting through jet-pipe rela 8° possibl. 
hydraulic piston E in motion. Follow-Ull—plane 

cam C, operated from piston E, controls &iigyro j 
tion of jet-pipe relay so that positior and is 






piston is always a function of craft ¥ 
pressure. When not otherwise compli 
cylinder produces a stroke direct]; 
tional to loading pressure. Des 
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‘ol 
: ESTEEM 
na 
inr 
ulic 
r I p, relay and hydraulic piston 
all embled in a completely self- | 
nta if-lubricated unit as shown in | 
ie. 3 ( that no piping or expert adjust- | 
nt is needed in the fleld). Power de- 
~—~~——— BBeloped piston is transmitted to va'lve 
=u pve! her mechanism to be operated, 
y means of a crank arrangement. Among | 
P laimed vantages are: (1) piston rod | 
sed to dirty or corrosive atmos- 
‘ heres available force can be multi- 
a “i->- Blied by taking advantage of knee action 
f crank, for handling valves which have a 
enden to stick near closed position or 
squire extra force to close against high 
pressure; (3) crank action obviates trouble 
fue to bad characteristics of butterfly 
alves, particularly near closed position. 
ome ‘formance characteristics: A 
ER UNI? hange in loading pressure of 1 oz. and a 
bellows movement of 0.0066” will start pis- 
nm i otion. As this represents a dis- 
of air of only 0.0016 in.8, air 
na —— ption of new power unit is practical- : ; 
and unit can be operated from : My 
any pneumatic prime relay without the 3 . 
mplication of additional relays. At no : 
bad, time required for complete stroke cf 
rank arm is 12 seconds; at 50% of stall- 
“Bing load, time is 24 seconds. Stalling torque 
inds applica, 4000 in.-lbs. and no harm can come 
tic or shod, unit if it is stalled. Maximum pull on 
ave not onlfonnecting rod is 1550 Ibs.—Askania Reau- 
wer but als@iiator Co., 1608 S. Michigan Ave., Chicago 
oniy be hag 6, I 
im like oj] 
3; (3) when 
2rvo-m e 
‘pie Attitude Gyro 
strokes ar@™ New “Attitude Gyro” is a new type flight 


ver require@Minstrument capable of providing the pilot | 
se of ith precise attitude indications throughout | 
860 degrees of roll and pitch. For the first | 
ime in the history of aviation, it is said, | 
he pilot is provided with a visual indica- 
instrumen@tion of the position of his aircraft with ref- 
lows movéllerence to the earth’s surface throughout all 
olay Bs# possible attitudes through which his air- 






INTERNAL PIVOT METER 















Wat whe Plane can be maneuvered. New Attitude 
nirols @iGyro is adaptable to all types of airplanes . ° 
position ind is particularly valuable to those air- ALL HICKOK D. C. Panel Mounting Meters have the improved 


of loadin 
ecified 
tly propor 
lescriplions 


craft whose mission requires extensive and internal pivot construction. Both pivots are removable. This 
eaten ee See Paes Shee HICKOK internal pivot movement is also shock-proof. It meets 
the American War Standard Specification C39.3-1943. It also ex- 
ceeds the requirements of Paragraph F-23 of Specification C39.2- 
1944. Jewels are mounted in a solid metal core and the pivots 



























—_— are mounted on the inside of the moving coil. Consequently, the 
> pivot and jewel adjustments are permanent. The assembly is 
thinner than most designs, permitting the use of a more shallow 
| case. Write for new catalog No. 23. 
| THE HICKOK ELECTRICAL INSTRUMENT COMPANY 
eee | 10519 DUPONT AVENUE, CLEVELAND, OHIO 
| VAAX AAA AAAAAAAAAAAAAANAAAMAM" 
F valve | 


THE STANDARD OF QUALITY FOR A THIRD OF A CENTURY 
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been impractical to perform all aerobatic 
maneuvers without visual reference to the 
earth’s surface.) As in other gyro flight in- 
struments, is the heart of the 
new attitude indicator, Electrically propelled 
around a vertical axis, the gyro provides a 


a gyroscope 


fixed reference pattern around which the 
plane may be maneuvered in any direction 
an entirely new feature. Reference pat- 





tern is marked on surface of this stabilized 
sphere with luminescent paint and is visible 
to pilot through a masked opening in front 
of instrument case. Indicating sphere is. di- 
vided into hemispheres by painting upper 
half white luminescent and lower half black. 
Latitude inscribed with short 10° 
marks between. Vertical meridian line gives 
roll angle indication with reference to a 
fixed index on mask around sphere. A later- 


lines are 


al lubber line, marked in alternate black 
and white sections, stretches across center 
of mask opening and provides basic pitch 


index. The only operating knob or adjust- 





























ment required by the pilot is that for the 
“target,” a small circle which adjusts up 
and down to compensate for change in trim 
of the airplane for level flight. — Sperry 
Corp., 50 Rockefeller Plaza, New York City. 





Air Cleaner for Instruments 

New series of ‘“‘Liqui-jectors” is said to 
afford a new measure of protection for 
pneumatic instruments through “a revolu- 
tionary new principle for automatically and 
continuously removing condensate (droplets, 
slugs, or mist) from compressed air and gas 
lines.” New “Liqui-jectors” are adaptable 
to air and gas lines up to 14” pipe size and 
normal line pressures. No moving parts are 
involved, and no cocks, traps or shutoffs 
are required in the drain line (which is 
open to the atmosphere). Action is entirely 
automatic and continuous through two por- 
ous ceramic tubes——one inherently water- 
































The HATHAWAY Type 
OA-2 OSCILLOGRAPH 
GALVANOMETER em- 
ploys a magnetic circuit of 
unique design, combining 
for the first time, high sen- 
sitivity with small size. Uni- 
versal mounting is 5s-inch 
wide, allowing Type OA-2’s 





Write for Bulletin SP-156 


Detailed 
Type OA-2 Galvanometer has many defi- 
nite advantages over old types. Address 
Hathaway Instrument Co., 
Clarkson, Denver 10, Colorado. 











to be mounted side by side 
on 34-inch centers. 


Moving elements and cell 
window are easily cleaned. 
The oil-tight cell box is 
filled with damping fluid. 


Wide range of natural fre- 
quencies and sensitivities. 


study will convince you that 


1315 South 


CLL 
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repellent, the other water-per) 
impervious, Operating princi) 
be a recently-discovered met 
matically separating liquid ar 
by virtue of surface tension 
pressed air entering “Liqui-j 
through first (water-repellent 
it is stripped of moisture. Act 


cence of droplets on surfac« 
coarse ceramic material with 
of 50,000 pore openings per 








each so small that pressure drop acrog 
tube is insufficient to permit water passags 
against resisting diaphragm-action 

surface tension. Coalesced moisture drop 
to bottom of unit where it passes throug} 


of it 





second tube (without loss of air) to out 
side atmosphere. This second tube is con 
structed of micro-porous porcelain, with an 





average of 720 million pore openings per 
square inch and, being constantly wet by 
its wick action, constitutes a perfect air 
seal up to rated working pressure of unit. 
(This rated pressure may be manipulated 
to user specification.) Illustrated is smallest 
unit, “Model A-150-1," which accommo 
dates lines up to %” pipe size with line 
pressure up to 100 lbs./in.2.—-Selas Corp. of 
America, Erie Ave. & D St., Philadelphia 
$4, Penna. 








Aircraft Direction-indicating 


Compass 
New “Type 2221 Direct Reading Magnetle 
Direction Indicator Compass” is said to be 
particularly adapted to passenger and carg0 
planes as well as to private aircraft. Az- 
muth pointer rotates in front of fixed 








ratior 
hell 1 









drop a 


fater passagd 
of |} 
disture qd 


iction 


Sses throug! 


air) to out 
tube is con 
ain, with an 


penings 


ntly wet by 


perfect 


sure of unit, 
manipulated 


1 is sma 


accomm 


e with 


las Corp, of 
Philadelphia 


icating 


compass easy to read; and 
reference lines further re- 
in over long flights. Standard 
dial is graduated every 2°, 
+ period with low overswing 
al dynamic stability; these 
providing quick response and 
in rough air. Entire mecha- 
nently immersed in compass 
range” temperature and mag- 
ition are incorporated and 
nt is supplied with a non- 
justing screwdriver. Total 
i lb.—Autoflight Corp., 2921 
est Olive Ave., Burbank, Calif, 


makin 
taple ce 
¢ pilot 
* jumir 





Flow Bifurcator 


ealled ‘‘Micro-Rota- 
accurately divide a 
nto two streams. Proportions 
y ried by adjusting an outside 
reand-pointer to the percentage desired 
on external scale). Operation: 
(top) discharges into a receiv- 

which has a rectangular weir 
flow. A vertical knife edge, set 
<ternal edge of weir, divides 
eam into two parts as it flows over lip 
weir. One stream flows into a closed 
urttment with bottom outlet; the other 
int area surrounding receiving 
and discharges also from bottom. 


» fl splitter, 
’ is signed to 


indicated 
let pipe 
ig cham 
an Ové 


nst 





















Crogt 


lrop 


per 





alr 


llest 


line 


ig Magnetle 

= © beMReceiving chamber is connected througn a 
r and cargo m@tuffing box at bottom to an external lever 
reraft, Azi- My means of which the weir may be rotated 


of 
























1 fixed 


0 any position with respect to the flow- 
ividing knife edge. Micro-Rotaweir may 
¢ obtained with fittings in all metals. Shell 
may be metal or Pyrex glass (as in illus- 
ration). For high melting fluids, metal 
hell may be lagged and steam-heating coils 
laced inside. Micro-Rotaweir will handle 
lows from 30 to 900 g.p.h. Sizes up to 
5,000 g.p.h. are also contemplated. Appli- 
ations. Proportioning product to reflux 
pn 1 pilot plant stills; dividing liquid 
low to twin absorbing units, cooling towers 
other reactance vessels operating in 
parallel; flow splitting for liquid blending 
knd flows to storage tanks.—Fischer & 
Porter Co., 923 County Line Road, Hat- 
pore, Penna. 


smal 


br 










Wire-wound Resistor 
“Type 58” wire-wound 


eu 


design of 


heost t or voltage-dividing resistor is said 
: be fully capable of coping with extreme 
ibrat n and mechanical abuse. Metal strap 


pn sh 
ating 
Also, 


t face provides for two-position lo- 
in which cannot break or tear off. 
trap grounds metal cover which is 


| 
| 
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| GAERTNER 
PRECISION MEASURING INSTRUMENTS 





MICROMETER 
SLIDE 
COMPARATOR 


for accurate linear 
horizontal measurements 


(inch or metric) 


up to 4” (100mm) range 
reading up to .00005” (.001mm) 


The illustration shows one of our small comparators built up 
of a standard micrometer slide, microscope and support. 


Micrometer slides of various ranges and accuracies together 
with microscopes of different types and powers and a variety 
of supports can be furnished as listed in catalog M138. 


These instruments are widely used in Inspection Depart- 
ments and Laboratories and often may take the place of 
more expensive measuring equipment. 


Send for Catalog M-138 


THE GAERTNER SCIENTIFIC CORP. 


1211 Wrightwood Ave., Chicago 14, U.S.A. 





The ONLY handbook of its kind 
MAINTENANCE AND SERVICING 
OF ELECTRICAL INSTRUMENTS 


By JAMES SPENCER, in charge of Instrument and Relay Dep't, 
Westinghouse Elec. & Mfg. Co., Newark, N. J. 


SHOULD be of great value to all those 
whose problem is to keep in operation 
the electrical instruments on vital war pro- 


duction as well as on war equipment. 
Cloth, xii + 256 pages, 5 X 8% inches, 
274 illustrations. 
Price, $2.00 postpaid 


Check, money order or cash must accompany order, 


Reprints available 
: INSTRUMENTS PUBLISHING Co., 
1117 Wolfendale St., Pittsburgh 12, Pa. 


Enclosed is $ for 
copies of Maintenance and Servicing of 
Electrical Instruments (at $2.00 each). 
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manual pilot valve, from th« ) 






of automatic devices, etc. In eal 
‘ these valves replace more ex ive val 
, Sisk, and, in addition to initial-cost ngs m M 
/ be are considerable savings in rinteng 
: ; New valves are available in sivos fron, 
: ie, to 6” pipe sizes, with screw: i flan: 
4 ai a ends, in various body and di Lem 
’ sl terials, with linings such as 83, rubl Bla 
i, Sd ; or lead: manufacturer has conipiled g 





f 





of more than 100 acids, alkalies, abrasiys f 
suspended solids, etc., for each ch tf 
recommended materials and gs 


“practically indestructible.” Di 
always of a synthetic composit select; and 
for the particular service. In g¢g ul, lig 
pressure limit is 150 Ibs./in.2 ar Sc 
ture limit is 150°F, but higher 

allowed in some cases. Valves 1 be | 
stalled in horizontal or vertica sitio 
above or below ground. Diaphragm can } 
replaced without removing valve from lin 
Valve is especially desirable for on-or- 


This is not a worker earning fabulous service (absolutely tight shut-off unaffectg 


by solids trapped on seat) but « be usg 


sums but an ordinary guy named ““IOE” for throttling service within cert 


tions. Since no fluid comes in contact wif 

on the job every day, producing critically needed — avwien mechaniam cannot reeze | 
. . oor service.—Mc. ear JQ. 190] 

Thermometers so that GI Joe can do his job and re- | Svestern Ave., Chicago &, Ill. 

turn home soon. 


To prevent costly breakdowns, after this war, it is 
your duty to give serious thought NOW to equipping 
your plant with GOOD Thermometers. 

















Generator Voltage Regulator 9) ()- 
New “Synchrostat” voltage regulator i 
designed for use with a-c. generators usin A | 


And Paimer Thermometers give you: direct-connected, belted or motor-driven ex 
o.% citers, 50-60 cycles standard. It consists 
1. Precision and Guaranteed Accuracy. »|a basic metal-enclosed unit adaptable fo 


i ; regular generator switchboard mounting 

2. Sturdiness and long life. and for mounuting-on-top-of-the-generatom 
3. A bright RED column .. . so easy to see with | in “packaged” power units. Volta regull 
S a ine- ” tion is + 2%; regulator quickly respondin 
Red Reading Mercury. to load changes to restore generator voltag 






CLIP THIS AD AS A REMINDER (Catalog on Request) to normal. New regulator is of the synchro 
nous-contact type: vibrating tungsten con 
tacts of regulator relay operate every half 
cycle of the a-c. wave to insert and to 
move a resistance in shunt field circuit ¢ 
generator exciter. Regulating action is 0 







i 
| 
| 
! 
Hl 


















clinched to it. The cover is keyed in place 
on casing, is fully dust-proof. Bushing is 
keyed into Bakelite case, cannot slip or turn 
when locking nut is drawn up tight. Ter- 
minals are so constructed that melted solder 
cannot get inside case. 1500-volt breakdown 
insulation between winding and shaft. Switch 
can be added. Tandem units are available. 
Ratings: linear, 3 watts; V and W tapers, 
2 watts; L, N and U tapers, 1.5 watts. Re- 
sistance values: linear, 1 to 75,000 ohms; 
tapered, 10 to 50.000 ohms.—Clarostat Mfo. 
Co., Inc., 285-7 N. 6th St., Brooklyn, N. Y. 











Diaphragm Valves 

New “No. 1455 Diaphragm Valves” are 
specifically designed for hard -to- handle 
fluids, are available in manually-operated 
wheel models (as illustrated)) and in vari- 
ous models for remote operation by pneu- 
matic or hydraulic pressure from a remote 
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L itraviolet 
Blac « Light Lamps 


i 





For Mineralogy and Metallurgy 
Chemistry and Pharmacy 
Museums and Libraries 


and many other applications in 
Science and Industry 


Great variety of models 
Prices from $24.75 up 





+ from lir Write for 16-page 4-color catalog 
Or On-or-¢ 


Off unaffectg PHOTOVOLT CORP 
it can be use ‘ 
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a —a Weksler 
= Instrument for 
every Industrial Need! 


IN PRODUCTION and IN 
RESEARCH, wherever com- 
plicated physical or chemical 
processes are involved, 
Weksler precision instruments 
are definitely needed! 


Dial Indicating types have 
easy-to-read 4!/2”, 6” or 81/2” 
dial, in latest phenol con- 
densate case, and are mer- 
cury, vapor or gas actuated. 






















Recording types have 10” or 
12” chart, and are mercury 
or vapor actuated. 





Industrial types have "V" 
shape bronze case, remov- 
able glass front, red reading 
or yellow back mercury tube, 
and with any desired stem. 






Glass Precision Thermometers, 
Hydrometers, Psychrometers 
and Hygrometers are made 
in various scales and ranges, 
for many definite duties. 
Send for interesting 
new folder No. G 20. 
Weksler Thermometer Corp. 
52-56 W. Houston Street 
New York 12, N. Y. 































Plug in for A.C. or 6- 
volt auto battery; no 
power pack necessary. 
Uses mike and built-in 
phono at same time. 
78 RPM motor, 9- 
inch turntable, crystal 
pick-up, separate on- 
off switch, Long-play- 
ing needle included. 
Continuously variable 
tone control on in- 
clined eye-level con- 


TERMINAL RADIO CORP 


8 CORTLANDT ST. NEW YORK 7, N.Y. 


trol panel. Ure one or 
two 8-ohm speakers 
without need of extra 
transformer. Has one 
6SJ7GT, one 6SC7, 
two 6L6Gs in push- 
pull, two 6X5GTs. 

Model 6720, with 
tubes, F.O.B. New 
York $56.28 
Model 6721, same as 
6720, less phono play- 
er $42.87 


PHONE WOrth 2-4415 














POST WAR EXPANSION NOW! 


ESTABLISHED, PROGRESSIVE MANUFACTURER of Tempera- 
ture and Pressure Indicating and Recording Instruments, will ap- 
point experienced Sales Engineers as representatives. Several 
good territories now open. Write giving qualifications, type and 
size of organization, and other products now handled. Replies 
will be held in strict confidence. 


BOX 932, INSTRUMENTS PUBLISHING CO. 
1117 WOLFENDALE ST., PITTSBURGH 12, PA. 
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CALCULATORS, 
{ CHARTS, DIALS, ET C. 





s snpedvlgns to nobters: grease, 
oils, acids, alkalis. 

@ Printing guaranteed not to wash 
or rub off. 

@ Non-inflammable, non-corrosive 
plastic. 

@ Printed and laminated vinylite and 
cellulose acetate. 


SAMPLES AND ESTIMATES GLAOLY SUPPLIED ON REQUEST 
WRITE DEPARTMENT N.!. 


THE HOPP PRESS, INC. 


PRINTING — FABRICATING — FORMING 


460 W. 34th STREET, NW. Y. C. 


ESTABLISHED 1693 
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RADIO PARTS 
_ INDUSTRIAL ELECTRONIC EQUIPMENT 


SINCE 1922 


HAS BEEN 
pemenita ’s 
MOST COMPLETE 


eK Source of Supply 


¢ TUBES 


a9 AMPLIFIERS ana SOUND SYSTEMS 
BROADCAST ana COMMUNICATIONS APPARATUS 
, F/M —television— A/M 


IMMEDIATE DELIVERY FROM STOCK 
ON OVER 10,000 ITEMS! 
Write’ on your company letterhead for FREE 800 page catalog 


SUN RADIO: 


& ELECTRONICS CO. 





212 FULTON STREET 
NEW YORK 7, N. Y. 
el. BArclay 7-1840 








SCALES, GAUGES, 











PROTECTED and 
UNPROTECTED 


TUBULAR SLIDE- 
CONTACT RHEOSTATS 
WITH SELF-LUBRICATING 
CONTACT BRUSHES 
ADJUSTABLE 
RESISTORS 


PROMPT SHIPMENTS 


REX RHEOSTAT CO. 


BALDWIN, L. 1., N. Y. 











tained by the relative time j 


lay contacts are open or clos: PGE 
ing determined by generat; Itage | | 
aid 





regulator relay coil. Operatio 
unaffected by reasonable ext: 
making regulator suitable fo 


rectly on generator. A f Mik 
“swing-door”’ construction w I ead 
ing parts mounted on back of b Phe, 


of inspection, with convenient 
trols on door front. Long lif; ¢ 
tacts is assured by an auto) = done 
polarity-reversing switch. A ad NE tre: HA 
former supplies a “biasing” eff inne 
relay coil, essential in produci: te gcc 
ulation. No accurate fitting j sire : 
switchboard model; gene: -mouns ast 
model (illustrated) is: assemb a P 
pact NEMA Class 1 enclosu 
cludes flush type a-c. ammeter : 
meter.—Electric Machinery M Co. a 
waukee 18, Minn. 7 
























Countersink Gage 














New countersink gage is cap f che 
ing machine countersinks as to size 
shape for grinding and sharpéning, ag y 





as. finished countersunk screw 
Five different countersink angles 
perimeter, each including two 5 
profiles. Furnished free on inquirer’s 
pany’s leterhead.—Dayton Rogers Mfyg. (0 
2835 12th Ave., S8., Minneapolis 7, Min 








Protective Coating for Gages 

New “Gage-Lube” is a life-extens { 
ment for precision surfaces, esp¢ 
plain plug and thread gages. Maker 1 
that average increase in use-life of gages! 
approx. 300%, with “users profiting t 


extent of at least $100 for every « 
vested in this product.” It is said 
new treatment does the following 
wear (eliminates friction); increa 
efficiency; rust inhibiting; non-s 
(prevents “freezing” on extremé 


tolerance gaging); non-loading nnot lean 
“load up” when gaging soft metal mp be 
nents); non-injurious to skin; not spe 
change gage dimensions; 4-o0z. bot last line 
4 to 6 weeks on normal gaging or; ons 

“Gage-Lube” is applied either by brus) “Hl amg 


by dipping edge of gage into solutic 
rected.—Protective Coatings, Inc., B 
Detroit $7, Mich. 
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age poses. Simple, 
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The Shore Instrument 
& Mig. Co., Inc. 


9025 Van Wyck Ave., Jamaica, N. Y. 
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nsion treat 


STATIONARY 
TACHOMETERS 


CENTRIFUGAL TYPE 


Indicating R.P.M., F.P.M., ete. 
Belt, Sprocket, or Flexible 
shaft drives 


eases gat Models available for practically 
By every requirement. 


* al Immediate and Intelligent attention will 

ae ae be given to your inquiries on all industrial 
last speed measurement problems. Drop us a 

ottie fas line today E 

operations ¥ 

> brush o& . - 

tion as dey Amthor Testing Instrument Co., Inc. 
30 56-PMT 9a Van Sinderen Ave. Brooklyn, N. Y. 














Permometal,* the osmium alloy tip on Permopivots,* gives them 








an endurance far in excess of ordinary pivots. The greater resistance to 

wear found in Permopivots even under severe vibration is due 
to the alloy’s extremely low co-efficient of friction and its complete 
freedom from abrasive material. Permopivots are also non- 


corrosive and non-magnetic. Write for complete information. 


m_'PERMO Incorporated 


6423 RAVENSWOOD AVE. ¢ CHICAGO 26, ILLINOIS 


To the Engineer, Physicist 
or Chemist Who Seeks 
A PERMANENT JOB 


F YOU are an engineer, physicist, or chemist now working for a company 

whose war contracts are terminating there may be a permanent job for 
you with one of the leading instrument manufacturers. Most of these com- 
panies are still working full time on war work. As soon as their war con- 
tracts are completed, postwar projects will be ready for action with plenty 
of opportunity for creative development work. Interested? Write Employ- 
ment Service Instruments Publishing Company, 1117 Wolfendale St., Picts- 
burgh 12, Pa., giving complete professional and personal data. U.S.E.S. 
consent and release statement will be required. 


Tbis is mot the advertisement of any manufacturer but a notice from The Instruments Publishing 
Company as a service to iis readers. Names will be made available to prospective employers, There 
will be no charge to applicants or te prospective employers. 
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You wouldn’t want to drive your car 
without knowing how fast, how far and 
how steadily you were traveling. Your 
speedometer’s ready information brings 


a sense of security . . . and control. 


Corbin Tachometers are the speed- | 


ometers of industry. Responding to every 
fluctuation of your machines, they chart 








PERCENT CHANGE IN INDICA 





speed, output and behavior with unfail- | 


ing accuracy. Built for long, hard use, 
their action is positive, immediate and 
without oscillation. They require no lu- 
brication and are unaffected by tempera- 
ture. Calibration is in RPM or whatever 
unit-measurement your production may 
require. 

Know just how your equipment per- 
forms — and you'll be able to adjust it 
to profit-boosting efficiency. Corbin Tach- 
ometers give you the important facts — 
exactly and at low cost. 

PA-4 
Call on us for prompt, complete informa- 


tion on Tachometers. They can be engi- 
neered to meet your special requirements. 


THE CORBIN SCREW CORPORATION 
The American Hardwere Corporation, Successor 
NEW BRITAIN * CONNECTICUT 
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Electrical Instrument Accuracy 
Continued from page 600 


| ments for the measurement of cur- 


rent and voltage in radio applications 
justifies brief mention of their charac- 
teristics. 

Rectifier-type instruments usually 
consist of a small full-wave type recti- 


| fier, the d-c. output of which is con- 


nected to a permanent-magnet moving- 


| coil type of element. These instruments 
| are generally used on frequencies 
| through the audio range, whereas the 
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[hin SB one 8S FF 6D 
FREQUENCY IN THOUSANDS OF CYCLES 
Fig. 7. Curve showing full-scale frequency er- 


rors of a typical 15-volt rectifier type instrument 
(1900 ohms per volt). 


thermocouple types may be used for 
the. measurements at audio or radio 
frequencies. 

No general statement on temperature 
errors of rectifiers can be made, since 
their temperature characteristics de- 
pend on instrument design require- 
ments. Under unfavorable conditions 
this type of error may be appreciable. 

Since rectifier-type instruments re- 
spond to average values of alternating 
current, if the instrument is calibrated 
on a sine wave, the wave-form errors 
will vary with the change in the ratio 
of the average and effective values of 
the alternating current. On distorted 
waves the error may be large. 

Frequency errors in correctly-de- 
signed rectifier-type instruments are 
not usually excessive over the audio- 





frequency range. At the uy 
this range capacitance effe: 
rectifier plates begin to aff 
curacy, however. The curve 
shows frequency characteris: 
of rectifier-type instruments 

In thermocouple-type instry, 
temperature errors in gene 
exceed those specified und 
board and portable instr 
previously discussed. Wave-f 
are negligible. 

Errors in thermocouple i: 
themselves at the higher f 
are principally due to the “s! 
in the heater wire. With an i 
frequency the current tends 
to the outside surface of the h: 
raising the temperature of t 


and increasing the pointer d 


The exact amount of error 
pends upon the design of th: 


couple. A curve showing err: 


typical small panel thermoco 


















> couph 
flectiog 
gain de 
thermo 
rs in 
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instrument is shown in Fig. 8. 


The application of thermo 
struments for high-frequency 
ments is a highly specialized 
in general should be underta 
by engineers trained in radio 
frequency technique. The 
location of the instrument is 
ticular importance, as_ well 


potential above ground at wi! 
instrument operates. If proper 
sideration is not given to fact 
as these, not only inaccuracies 


instrument may result but th 
ment element itself may be « 
by leakage currents. 
Thermocouple instruments a 
sturdy as rectifier types, par 
under overload, but they are 


Iple in 
measure 
art an( 
ken onl 
r high 
physica 
f par 
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ch the 
con 
rs suc 
e instru 


lestroyed 


re not ag 
ticularly 
more @ 


curate when properly applied for radio 


frequency measurements. 


HANDLING OF INSTRUMENTS 


Instruments in general are 
to operate on small values o 


required 


f power, 


As a result, fine bearings and small 





























































































































































































































Feaquency -megocycles 
1.002 10 20 WM 40 SO 70 80 90 100 110 120 130 140 150 
wheileskes) oe $j}. 
- 0.90 = (500 ma 
a 0.85 : = : ==: pan 
0.80 = == + 
2 \ = =o 1.5 omp 
3S 075 = 
< 4 
w AY 1 
2 ! 
> 0.70 . 12 amp 
a 12 5 omp 
| 
= 065 - 
2 N 
& 5 omp 
$ 
Ny 
” X ‘\ 
3 0.60 
- N ~ 
5 
rd 
0.56 
Samp “Damp 
Fig. 8. Frequency Errors on 10 amp ; 5 amp 
Thermocouple Instruments. Full-scate range 6 omp 
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Here’s a complete unit for use wherever dimen- 
need checking. On-the-spot 
inspection service will speed work through and 
inaccuracies and rejected shipments. 


sional accuracies 


minimize 


It’s today’s sure-fire method to check all your testing 
special parts and regular 
production line work. Users wonder how they ever got 
along without the DoALL Mobile Unit which includes: 


instruments, tools, dies, 


* 83-piece set of DoALL Gage Blocks 

* Gage Instruments 

* Comparator Gage 

® Optical Flats 

® Master Squares, Flats, Parallels 

* Vernier and Height Gages and Holders 
®Sine Bar 

® Surface Plate 

* High Tensity Monochromatic nas 


fae oes Ree ete tere Te ee a ee eT eae 
Contour Sawing Band filer Super Grinding Wheels Colloids 
Surface Grinders ot Cutting Oils 








and 
Selectron and 
Soluble Oils 


=; @>5, 
Magnetic Chucks) \ Wy 
gn u ; eo 4 


Steel construction, 


tension, 


chair. Occupies 24” x 42” floor TROL.” It’s an in- 
space. Furnished complete or teresting and help- 
ful book on Scien- 


with just the equipment you 


require. 

ust 8 Inspection Laboratory 
Collectors Variable Speed GAGE BLOCKS ey 
and (( ri * i a 
~~ eo et Metal LF ih 
tiles | SS pk. f i) Powders 
/sabtowssite S inf LF 

Coolant Systems 2] Insfruments dys w wt 





rubber 
tired, with 40-foot power ex- 


outlet box, folding 





FREE HANDBOOK 


Send for a copy of 
“QUALITY CON- 


tific Inspection. 














Mice 


POWDER METALLURGY 


¢ > Sa 


Diatt 


poet 


CONTINENTAL MACHINES, INC. 


1368 S. Washington Ave., Minneapolis 4, Minn. 
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LUXTRON 


PHOTOCELLS 


This pigtmil-contact 


mode! is only one of 


a series of mountings 
and indicates only 
one of the complete 
range of Luxtron* 
cell shapes and sizes 
available. 


BRADLEY 


LABORATORIES, INC. 


82 Meadow Street 
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New Haven 








10. Conn 





light-weight parts are necessary for 
| the moving system. 

| Instruments are correctly designed 
j}and manufactured to withstand a con- 
| siderable amount of rough treatment. 
| However, their operation and accuracy 
may be impaired so as to render them 
unfit for service if precautions are not 


| taken to protect them from excessive | 


abuse. Pounding of panels on which 
instruments are mounted should not be 
| permitted since this may destroy the 
bearings and cause other damage. 
While the shipment of instruments 
mounted on a device should be avoided, 
where it is necessary careful attention 
should be given to make certain that 
the packing is adequate to insure 
necessary protection during shipment. 

With the large number of instru- 
ments being used in fighting equip- 
ment, it is doubly important that all 
| precautions be taken so that the de- 
vices will arrive at the front in the 
| best possible condition and thus be 
|more effective in destroying the enemy. 
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1934 


Elements and Scales. 
March 1934, pages 


Measuring 


| ments, Vol. 7, 45-47, 


Includes a brief discussion of the scale law, | 


pages 55-57. 
1933 
M. Davies. Machine for Dividing Scales 


P. A. Borden and M. F. Behar. Electrical | 
Instru- | 


of Varying Increment. Journal of Scientific | 
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1933, rages 314-318. 
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cal Measuring Instruments. Journal of the 
Institution of Electrical Engineers 
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dustrial Electrical Measuring Instruments 

(book). Pitman, London and 
1933. Nine sub-heads under “Scale Shape” 
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1931 

J. L. Ferns. Torque in Instruments. The | 
Electrical Review, Vol. 109, July 1931, page 
167. Explains theory of deriving character- 
istics of moving iron and dynamometer type 
instruments; derives equation for calculat- | 
ing torque. 

1930 

H. Bickstrém, Decimal Equation Reading 
of Seales. (In German) Zeitschrift fir In- 
strumentenkunde, Vol. 50, Dec. 1930, pages 
605-679. “Calculation of average error from 
complete series of observations: influence 
of number of observation on decimal fre- 
quency, and of non-uniform division on ex- 
actness.” (Engineering Index.) 

H. Backstrém. Decimal Equation Reading 
of Scales. (In German) Zeitschrift fir In- 
strumentenkunde, Vol. 50, Nov. 1930, pages 
609-624. “Subjective division of scale inter- 
val; symmetry of subjective interval at 
various location of division; calculation of 
corrections; series of exneriments by Gross- 
man: calculation of average error.” (Engi- 
neering Index.) 

N. N. Ponomarev. Error Curves of Elec- 
tromagnetic Measuring Instruments with 
More than One Range of Measurement. (In 
Russian) Elektrichestvo, Oct. 1930, pages 
801-3. Demonstrates that the error curve! 
of an instrument with an evenly divided 
scale must be a broken line and derives a 
relation between the error curves of the 
same instrument for different ranges of 
measurement. 

G. W. Stubbings. Commercial A-C Meas- 
urements (book). Van Nostrand, N. Y. 1930. 
A-c. Ammeter Scales, page 73. Wattmeter 
Scale, page 112. Brief discussion. 


1929 
British Electrical and Allied Industries 
Ass’n. Permanent-magnet Moving-coil Am- 
meters and Voltmeters. Electrician (Lon- 
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“COPROK” MODEL CX-2E4-A9, rng- 
connected and mounted in tube base, de- 
tects phase differentials in A.C. currents 
and small D.C. potentials applied to bal- 
anced A.C. circuits. Maximum 4.5 volts 
continuous. Shown here in actual size 








in Coprox Rectifiers, gold coat- 
ing on the positive contact 
“pellets” 
soldered 


delays aging. Pre- 

wires Or special 

terminals, prevent overheating dur- 
ing assembly. 


Standard units are sealed with 



























LABORATORIES, 


82 Meadow Street, New Haven 10. Cont 














‘ja LoLag 
RIC HEATERS 


d Controls 

















- heating fluids, semi-fluids, 
yy Other gases, there is an 
ctric Heating Unit and re- 
e-tested automatic controls 
lo the job dependably and 
Aminco heating specialists 
and build special units for 
y heating requirement. 


Imagine a Surface Plate that is transparent, 
with built-in high-polish surface, which is 


not affected by scratches, and that can be 





replaced for less than it takes to re-surface. 


Left: Flexible immersion type 
of Aminco Electric Heater, 
ivailable in lengths up to 13 
ft., which can be bent easily to 
fit any vessel and nested to 
‘ provide various combinations 
i of heater wattages. 


White for completely descriptive folder about the new Cadillac 


Glass Surface Plate. Available in sizes from 8” x 8” to 18” x 24” and 
in accuracies from .0002 to .0005. Prices range from $11 to $90. Is 


packed in an individual box, the top of which forms a protecting cover. 


CADILLAC GLASS C0 


902 WEST CERMAK ROAD 











Below: Pipe-thread type for 
screwing into various types of 
vessels. Single and 3-heat types, 
with or without built-in switches. 

Strip, cartridge, open coil, 
and room-heating types are 
also available. 


Write for Bulletin D-2075 


MERICAN INSTRUMENT CO. 
Silver Spring, Maryland 










































ol CHICAGO 8, ILLINOIS 
rents 
bal- 
volts 
Size, 
io LATHES— 
contact 
. Pre. 7 di 
special mimediate 
ng dur- Delivery 
d "sha 
al-ap- 
ed in NEW! A valuable, up-to-the-minute 
$ are * manual on the design, production 
and application of the modern permanent 
magnet. Prepared by The Arnold Engineer- 
d very 4” Swing ing Company, this is an authoritative trea- 
~ wore 4” Bar Capacity 9” Bed _ tise based on many years’ experience in the 
_ stan- production of Alnico permanent magnets for a wide range of 
COLLETS 1/32” to %” aan 
Contents include such subjects as Magnet Materials, Resistance 
Adapter Available for colletts in Comparisons, Physical and Magnetic Properties, Demagnetiza- 
ag Metric—.1 mm to 6. mm tion and Energy Curves, Fabrication, Design and Testing. 
as. Charts and tables illustrate and explain various aspects of the 


discussion. 

Recent improvements have opened many new fields for perma- 
nent magnets to reduce the cost and improve the efficiency of 
many devices, 


COMPOUND SLIDE RESTS 
MOTORS 1, hp. and Smaller 
MILLING ATTACHMENTS 


@Write TODAY for your copy on your company letterhead. 





Write for details and prices 


220 W. FIFTH ST. LOS ANGELES 13, CALIF. Specialists in the Manufacture of ALNICO PERMANENT MAGNETS Po 
Precision Instrument Equipment—Tools and Supplies ws a 


ee eee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee 


147 EAST ONTARIO STREET, CHICAGO 11, @LLINOIS 
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YOU CATCH trouble 
before it catches you 
-if you owna 


HYPOT 





HYPOT High Voltage Insulation Break- 
down Tester. Model 406 Illustrated. 3 
KAVA 0-3000 voit secondary, 115 voit 60 
eycle primary, 500 milliampere secondary 
eircuit. Complete with burning ground cir- 
eults and rubber-tired wheels. 20’ high 
voltage test leads, 50’ input leads, 50’ 
ground leads. 


THE INSTRUMENT THAT 

WILL FOREWARN YOU OF 

PROBABLE ELECTRICAL 
FAILURE. 


With a HYPOT you can quickly 
locate insulation faults that 
would burn out in service. 


HYPOT 


has ample capacity for all testing. 

Quick, easy control from 0 to 

maximum voltage. 5 models avail- 
able for all services. 


EASILY PORTABLE UNIT 


HYPOT Model 406 is equipped 
with rubber tired wheels for easy 
moving. Complete safety to oper- 
ator and equipment. 
Prompt delivery. 


a 
WRITE FOR 


COMPLETE FACTS 
AND DATA—-TODAY! 


® 


ASSOCIATED 


RESEARCH, 


oft cortactate 





233 South Green $t. Chicago 7, Ill. 
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don), Vol. 102, March 8, 1929, pages 287- 
289. Easily read scales, page 288. Condensed 
from a report by the Association. 


1928 
G. Keinath. Die Technik Elektrisher Mess- 
gerate (2 Vols.) Oldenbourg, Munchen, 


1928. Considerable material on scales. Vol. 
1, pages 51-58, 182, 304, 307. 

Bubert. An _ Electrodynamometer’' with 
Nearly Uniform Scale. (In German) Elek- 
trotechnik und Maschinenbau, Vol. 46, 
April 22, 1928, pages 370-374. 

1927 

K. Edgecumbe and F. E. J. Ockenden. 
Some Recent Advances in Alternating-cur- 
rent Measuring Instruments. Journal of the 
Institution of Electrical Engineers (Lon- 
don), Vol. 65, June 1927, pages 553-99. 
Scales pages 554-55. 

1924 

F. Voller. Ammeter Scales and a New 
Overload-proof Ammeter. (In German) Blek- 
trotechnische Zeitschrift, Vol. 45, Dec. 18, 
1924, pages 1405-7. Science Abstracts, Sec. 
B, Vol. 28, 1925, page 194. Abstract. 

C. V. Drysdale and A, C. Jolley. Electri- 
cal Measuring Instruments (2 Vols.), Benn, 
London, 1924. Scale shape in soft-iron in- 
struments, Vol. 1, pace 293. 

1923 

National Electric Light Association. Hand- 
book for Electric Metermen (4th ed.), The 
Edison Electric Institute, N.Y.C. Very brief 
discussion of scale errors, page 381, and of 
logarithmic scale, page 359. 

H. B. Brooks. Standardization of Electri- 
cal Measuring Instruments. Transactions 





Sergeant Develops Auto- 
matic Wire-inspection 
Instrument 


ONS of field wire, that might oth- 
erwise be discarded, are being sal- 


| vaged because of the ingenuity of Staff 
| Sergeant Pasqual L. Wamil, Santa Bar- 


| bara, 


Calif., assigned to a Signal 
Depot Company at a U. S. Army inva- 
sion base in Southern England, accord- 
ing to reports received in the Office of 
the Chief Signal Officer. 

Sergeant Wamil, a native of Sanchez 
Mira, Gagayan, Philippine Islands, has 
developed an automatic continuous 
tester which detects defects in the in- 
sulation of wire used for field tele- 
phones. Officers in charge of his Signal 
Corps section saw that it would be im- 
possible to examine for defective insu- 
lation every inch of wire returned for 
salvage. Couldn’t some sort of robot be 
constructed that would indicate when 


| there was a rupture in the insulation? 
| S/Sgt. Wamil had attended Stanford U 


and had worked as an electrician at the 


| Mare Island Navy Yard; he believed 
| that it could be done. Using only scrap 
| material, he constructed a working 





model consisting of two parts—a con- 
trol box which by means of a ringing 
bell signalled any defect in the insula- 
tion; and a series of electrodes in the 
form of pipes through which the tested 
wire passed while being wound onto 
reels. Power-operated spools coiled the 
wire after it passed through the pipes. 
It became a relatively simple matter to 
find the break, however minute. 

To increase the daily mileage capac- 
ity of the automatic tester, Sgt. Wamil 


the War Effort 


Instruments in 









American Institute of Electri- 
Vol. 42, June 1923, pages 894-9 
definitions (page 900) of indix 
measurement range, and scale 
posed requirements (page 902) 
lar length of scale division, and 
scales, 






1921 

A. Imhof. Methods of Varyin 
of Measuring Instruments. (1 
Schweizerische Elektrotechnisch« 
letin, Vol. 12, May 1921, pages 
ence Abstracts, Sec. B, Vol. 24, 
574-75. Abstract translation, 

H. B. Brooks. Accuracy of 
Electrical Measurements. Tranenctiong 
American Institute of Electrical Rnging 
Vol. 39, Pt.1, 1920, pages 495-589, py 
sion of Scale Law, pages 501-508. includiy 
manner in which the error from bending 
pointer (followed by resetting to zero w; 
the zero adjustor) varies with the scale }, 

G. Keinath. Mechanical Factor of Me 
and Nature of Scale of Electrical Measy 
ing Instruments. (In German.) Zeitschy 
fir Fernmeldetechnik, No. 6, 7, 1920, ay 
stracted in Electrotechnik und Machi 
bau, Vol. 38, Sept. 12, 1920. pages 436.43 
Science Abstracts, Section B, Vol. 24, 193 
page 229. 
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1919 
A. Imhof. Influence of Scale Character g 
Friction Error of Electrical Instruments, (| 
German) Schweizerische Elektrotechniac 
Verein Bulletin, Vol. 10, Sept. 1919, pa 
266-69. Science Abstracts Section B, Vo 
23, 1920, pages 85-85. Abstract translation 
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Moiste 
employed four electrodes instead of onl" 
plugged in separately to the contro mount 
box. On the front panel of the controlffcarrier. 
box he mounted four simple handiindoyir 
switches which, when closed, energized 4 
the electrodes. Above each switch wa’ °O'° 
attached a small wooden tab hinged a 


FAXFI 


in an 


the bottom, held upright magnetically 
and dropping when its circuit was 
opened by a relay actuated by the fault. 
detection and bell-ringing circuit. The 
purpose of these annunciator tabs was 
to show which of the four wires being 
tested had a broken insulation. This in 
turn made it possible to keep in opers 
tion, while one defective wire was 
ing repaired, any or all of the remain 
ing spools. 





Phase Difference 
Microscopy 


NCREASED visibility through the 

microscope was demonstrated at the 
Cleveland meetings of the American 
Association for the Advancement of 
Science in September. The report. was 
made by Dr. A. H. Bennett, Director of 
Research and Dr. O. W. Richards, Re 
search Biologist, of the Spencer Len 
Co. The method of obtaining the i- 
creased visibility, known as Phase Dif. 
ference Microscopy, was described some 
years ago, but equipment to make * 
practical has just been devised by mer 
in the Research Division of Spencer sé 
Lens Co. The Spencer contribution ’ 
tends the method to the general cast, 
the discovery that absorption may b 
as important or more important tha! 
retardation, the preparation and vse “ 
a wide range of phase disks of bot! 









— a7 : A NEW RESEARCH TOOL 
wal: for Surface Finish 


a Oy \ INSPECTION and 
a GEP COMPARISON.... 


D SPEEDY AND INEXPENSIVE... 
at oO ct PERMANENT UNALTERABLE RECORD 























































on Projection of a Faxfilm Impres- In small quantities Faxfilm costs 
to zero wi sion can be made within a minute 6c each. The cost is much less in 
mer re R after it is made—that meansclose larger quantities. Compare with 
rical Meas, control over surface finishes. the cost of a photomicrograph. 


+) Zeitschy 
7, 1920, At 
da Machi 


mee ae REVOLUTIONARY METHOD (NON-PHOTOGRAPHIC) OF CHECKING SURFACE 
vol. 34, 1n@MFINISHES OF METALS, WOOD, PAPER, FABRICS AND MANY OTHER MATERIALS 


Character omfaxfilm gives enlargements of 100 diam- Faxfilm is highly recommended for study- 
protease eters or more and shows details of the ing crystal structures of metals and etched 
1919, pardinest irregularities up to .0001” specimens. 


tion B, Vo 


"transla EASY AND SPEEDY TO USE 


Moisten specimen with solvent, apply an inch of FAXFILM with 
ead of onefllight Pressure, allow to adhere for 30 seconds, strip off and 
he contromm™mount over 14 inch holes in moistened Faxfilm slide 
the controlfm™carrier. Faxfilm is now ready for projecting, 
nple handilindexing and filing as a permanent 


, energiz q d 
witch wagmmlccO'e: 





hir ged a 
agnetically™FAXFILM can be used 
rceult wast: ° 

‘the fax” OY projector. 
reuit. The 
' tabs was 
ires being 
n. This in 
in opers- 
e was be 
e remain- 





(TRADE MARK) 


Patents 
Pending 


Faxfilm Frame REX D. McDILL 

bY Actual Size. Engineer & Physicist 
ough the s CLEVELAND 21, OHIO 
od at the ; ea 
A merican 
‘ment of 








port. was —t— 

rector of eat ee Above illustrations photographed from 100 diameter Faxfilm 
ards, Re a a projections and represent less than .3% of the total area of 1950 
cer Lens y ; sag square inshes. 


a ee : BT an | ol e Beices sa FAXFILM is sold in a complete kit, as illustrated, con- 
sed some a iN | taining 250 frames, a bottle of solvent, a roll of Faxfilm, 
make it a moistener and instruction folder. Price of complete Kit. 

No Priority Required. $15.00 


by men 
Spencer 
ition ex- 


i] Te _y <2 REX D. McDILL 
nt than i ; : ENGINEER AND PHYSICIST 
d use of ee Sa A ae es 5109 MAYFIELD RD., CLEVELAND 21, OHIO 
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Running Time Meters 


(Panel Mounting) 


3%” Bakelite Case. Built to meet 
exacting government standards. 
Now available for immediate 
delivery. Several exclusive fea- 
tures that insure peak perform- 
ance and ease of installo- 
tion. Write or wire for 
sample and interesting 
competitive prices. 














Sample Meter 
Sent on request 


Exclusive Sales Agents 


SALES ENGINEERING ASSOCIATES, INC. 
3907 San Fernando Road « Glendale 4, California 


PRODUCTS 
WANTED 


New Products with good 
prospect for the post war 
market wanted by well 
established East Coast 
manufacturer. Full facili- 
ties for development work 
available. 





PYRO onticai'prromerer 


SAVE TIME AND 
MONEY! 


By usig PIKYU, a 
self-contained, DI- 
RECT READING, 
sturdy unit made to 
stand rough use. It 
is absolutely accu- 
rate and dependable, 
and quickly pays for 
itself. 

Unique construction 
enables operator to 
rapidly deterniine 
temperature even on 
minute spots, fast 
moving objects, or 
smallest stream; no 
correction charts, no 
accessories, no main- 
tenance expense. Spe- 
clal “FOUNDRY 
TYPE” and “Univer- 
sal TRIPLE RANGE” 
have, in addition to 
standard calibrated 
range, a red correc- 
tion scale determin- 
ine TRUE SPOUT 
and POURING TEM- 
PERATURES of 
molten fron and steel 
when measured in 
the open. 


Btock ranges 1400° F. to 6000° F. 
Write for Catalog No. 80 
Immediate Delivery for Defense Plants 


THE PYROMETER INSTRUMENT CO. 
Plant & Lab. 

103-107 LAFAYETTE ST.. NEW YORK. W. Y. 
In Canada, Sales and Repair Laboratory: 
Dominion Flow Meter Company Limited 

Toronto and Montreal 





@ Al] replies must be 
sent by mail to be 
considered and will 
be held in strictest 
confidence. 





B. H. LUERSSEN 


22S LAFAYETTE STREET 
NEW YORK 12, N. Y. 
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positive and negative typ 
proved methods for coati; 
films in manufacturing pha 
Improvement in the visibi 
transparent materials and 
is claimed. Many biologica 
and industrial materials a) 
parent that nothing can b: 
they are observed with t! yoon, 
equipment. Owing to the fa 
that their internal structu 
do have differences in refrac: |e }; 
these differences can be char ved fr 
phase differences to inten: diffe 
ences. This is done by illumi: iting th 
specimen with a hollow cone of jig 
and using a retardation p with 
the objective. They can be o! 
photographed in the usual n 


he th 
lates, 
of man 
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€Clmer 
trang 





Tests Prove Coppe: oxid 
Rectifiers Can Stand 
Higher Ambient 


Temperatures 


To the Editor of Instrument 

Today, copper-oxide rectifiers are be 
ing used in many Army and Navy aq 
plications where ambient temperature 
are encountered that are much nig! 
than usually found in indust Nor 
mally such rectifiers are rated h 
basis of 35°C. ambient. Operatioj 
where the ambient temperature wil 
rise perhaps 5°C. above this value fo 
short periods is not harmful! 
rectifier. 

Where prevailing ambients excee 
85°C., a standard method for deratin 
copper oxide rectifiers is used. Thig 
procedure reduces voltage rating of th 
unit 10% for each 5°C. increase in ai 
bient above 35°C. Thus for 50°C, am 
bient, common in Navy requirements 
voltage rating is dropped to 70% of it 
standard 35°C. value. No change i 
made in the current rating. 

A recent test run demonstrated thd 
conservatism of these ratings. Tw 
standard rectox units taken from thé 


production lines were set up in a hot 
chamber where ambient temperature 
was held at 50°C. One unit was loaded 
at normal 35° rating —1 ampere at! 


volts d.c. The other was loaded at 5| 
rating, applying the derating f: 
70% already mentioned. The loa 
this unit was 1 ampere at 6.3 volts d¢ 
Both units were operated contint- 

ously for 3000 hours with complete 
success. The fact that the derated unt 
did so is not cause for surprise. How 
ever, the other unit (not derated) als 
operated in this ambient fo 
hours. The conservatism of the 
ard method for derating recto» 
operating at high ambients 
shown by this test. The test also 
that the 35°C. rating includes 
fortable safety factor. 

I. R. SMITH, 

Control Engineer 

inghouse E. & M 
East Pittsburgh, Pa. 
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THREE SECONDS 


At the press of a button, Mois- 
ture Register detects and meas- 
ures moisture by the use of 


r-oxid 















lent electronics. 

es Calibrated with a direct per- 
centage reading dial, with a 

=: ve hel Tenge from zero to 25 per cent. 

id N iy Completely portable and self- 


contained. Anyone can oper- 
ate it, 


Write Dept. | today for complete information. 


MOISTURE REGISTER CO. 


3.N. GARFIELD AVENUE, ALHAMBRA, CALIF. 





HEATSTONE BRIDGE 


yuirements 
70% of it 


change i 


strated the 
ings. Tw 
| from th 
> in a ho 
mperature 





vas loaded 

ipere at 

d at 50°C ' : . 

ay pe Rubicon Wheatstone and Kelvin Bridges 

. load one ue available in a number of types to suit 

volts dam @tious applications. All are made in 

| continu *ccordance with the highest traditions of 
complete the instrument maker's art and are fully 

rated unitMi# guaranteed, 

ise. Hov- 

sted) alsoggm Described in Bulletin 100 which also lists 
for 3000 National Bureau of Standards and other 
he star standards of resistance. 

tox 1 s 

: a Copies available on request. 
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RUBICON COMPANY 


Vost- Electrical Instrument Makers 


Ridge Ave. at 35th St. Philadelphia 32, Pa. 
SS | 





INDUSTRIAL 
TUBE TESTER 







Offers a simple means of testing 
various types of thyratron tubes. 
Semi-portable. Designed so that 
non-technical personnel can quickly 
and easily use it. 


Measures arc voltage at peak emis- 
sion current in determining the per- 
formance of a thyratron tube. 
Pulsing circuit allows the peak load 
current to flow through the tube for 
one-half cycle, approximately once 
per second. 


Other units in the new General 
Electric line of laboratory measur- 
ing instruments include: Visual 
alignment signal generator, regu- 
lated power supply, wave meters, 
wide band oscilloscopes, square 
wave generators. Electronics Dept., 
General Electric, Schenectady, N. Y. 











164-c1@ 


GENERAL @ ELECTRIC 


ELECTRONIC MEASURING INSTRUMENTS 

































Stevens 


WATER LEVEL 
and FLOW 


RECORDERS 


(DIRECT FLOAT OPERATED 
& REMOTELY CONTROLLED) 


INDICATORS 
AUTOMATIC CONTROLS 


<a) 


LEUPOLD & STEVENS 
INSTRUMENTS 
Hydrographic, Navigation, 
Surveying 
4445 N. E. GLISAN STREET 
PORTLAND 13, OREGON 











Post War 
Clock Movements 


CHELSEA 


Our production of special clock 
and 


isms for recording instruments must 


movements clockwork mechan- 
wait until this war is won. Meanwhile 
we would welcome the opportunity of 
working with you in developing your 
post-war designs. 

Remember, Chelsea has been mak- 
ing special movements for recording 
instruments for many years. 


Buy 
Another Bond 
Today 





CHELSEA 


CLOCK COMPANY 








385 EVERETT AVE., CHELSEA 50, MASS. 
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Yis New - a COMPARATOR | 
wih MICROMETER HEAD | 
and DIAL INDICATOR 





ration 



























Fatigue tests tel) 
antes | you—and your customers—how goog 
YOU SET IT DIRECTLY WITHOUT 
. OUT MASTERS your products are, beyond the she dow of 
Combnation Micrometer ond Dial indicator Head incorpo- | . . . ’ 
snnthngen shel Aaniatite anabtumndiein actin, | doubt. Frequently point the way to savings in weight and bette, 
re not necessary, You simply set the micrometer to the r d . . . . 
ia-wietinuawainn construction. Hundreds of All Americans in use in testing labors. 
—— tories of aircraft, electronic, optical, plastic, ceramic and othe ( 
120 8-3 industries. Full details in Catalog “F”’. 
This comparator is | 
very convervent for | 
non Sees end The 10 VA one of over a dozen models, subjects parts up to 10 Ibs, is 
edlenaes lob tele weight to vibration fatigue tests. Vertical table movement. Automatic cycling a 
grag —acceleration changed from a frequency of 10 cycles per second to 55 ep, 
both meat ond and back to 10 c.p.s, continuously and uniformly. Complete cle takes : 
<n : : ; 
serrated surface. | one minute. Displacement adjustable from .0” to .200". Capacity 37 g 


Timken bearings. Rugged, trouble-free. 








THREE-~WIRE 
THREAD MEASURING 


ts easy on this new comporotor be- 
cavse the Micrometer Head enobles 
you to read the octuc! dimension of the 
Pitch Diameter. The Dic! indicotor then 
compores the diameters of other similar 
screw threads. The weight over the in- 
dicotor is for coarse threads. 


PRECISION MEASURING 













INSTRUMENTS 











METALWORK — TECHNOLOGY AND 
PRACTICE. By Oswautp A. Lupwic. Mc- 
Knight & McKnight, Bloomington, IIl., 1943. 
Cloth, 7% Xx 10% inches, Price $4.00. 

This book is designed as a survey course 
for beginners in the metalworking indus- 
try to provide a background for almost any 
type of metalwork and instruct generally in 
most of the jobs in almost any kind of 
metalworking shop. The book is prefaced 
with an outline of the manner in which the 
book should be used and a short description 
of the various types of metalworking jobs 
such as airplane mechanic, annealer, ap- 
prentice, assembler, auto mechanic, bench 
hand, blacksmith, etc. It is developed, gen- 
erally, from the standpoint of types of op- 
eration with the following part headings: 
Planning the Job, Bench Work and Power 
Saw, Getting Acquainted with Metals, Care 
of Equipment, Drill Press Work, Threads, 
Dies, Taps, Fitting and Assembling, Work 
with Sheet Metal, Heating Metal, Tool 
Sharpening, Finishing and Inspecting, Ma- 
chine Tools. 

Abundant, simple illustrations make the 
book easy to follow and add greatly to its 
value for training purposes. 

—R. A. BowMAN, Major, Ord. Dept., 
In Charge of Pittsburgh District 
Gage Laboratory, A.S.F. 


MECHANISM AND THE KINEMATICS 
OF MACHINES. By W. Steeps. Longmans, 
Green and Co., London, New York and 
Toronto, 1940. Cloth, 5% x 8% inches, 
xii + 319 pages. Price 5.00. 

After first presenting a brief résumé of 
the analytic treatment of the motion of a 
peint, the author deals with the motion of 
a solid body. From a consideration of the 
degrees 
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of freedom and the proper con-, 


straints of a body, means for obtaining de- 


sired motions without the undesired com- 
ponents such as back lash, etc., are de- 
scribed. Geometric or kinematic principles 
are used extensively in obtaining various 
motions and actions by mechanisms with- 
out regard to the forces that produce the 
motions or arise from them. To a great ex- 
tent the parts of the machine are repre- 
sented by geometric lines, so that only the 
skeleton of the machine is considered. 

Motions by means of links and joints, 
gears, belts, chains, cams, ratchets, escape- 
ments, etc., are treated. The designs of the 
proper shapes of gear teeth and cams are 
given in considerable detail. 

In general, the principles set forth in this 
book apply to both small mechanisms, as 
used in instruments, and to mechanisms 
where large forces are encountered. There 
are sketches with explanations of many 
different types of mechanisms. Numerical 
examples to a large extent, are presented 
by means of problems and answers. 

—C. K. Srropet, Assistant Director, 
Robertshaw Research Laboratory, 
Pittsburgh, Pa. 


ELECTRON OPTICS. By PAvuL HATs- 
CHEK (translated from the German by Ar- 
thur Palme). American Photographic Pub- 
lishing Co., Boston, 1944. Cloth, 5 x 8 
inches, 161 pages. Price $3.00. 

The elementary electronic devices are 
presented in simple language, completely 
without mathematics beyond arithmetic. 
The vacuum tubes of vintage 1936 are de- 
scribed in terms suited to readers having 
no previous acquaintance with the subject, 
mostly by the use of analogies; how auto- 
mobiles swerve when driven from smooth 
roads to rough and the like. The book is 


mB ALL AMERICAN 


Tool & Manufacturing Co. 
1014 Fullerton Ave., Chicago (/4) 














e 


Wri 
ohan 


written with admirable clarity, but {t i 
not as interesting as an article in Life or 
in the Post on the same subject—for ex- 
ample on television—and steers a cours 
somewhat closer to a textbook atyle. Os 
the other hand, it does not have the “meat” 
in it that a textbook would have, There an 
only a few circuit diagrams—in connectioa 
with amplifiers and voltage multipliers 
and no characteristic curves. A few page 
have been added by the translator men- 
tioning modern electron microscopes and 
diffraction. 

—C. S. Barrett, Carnegie Institute 

of Technology, Pittsburgh. 


THE VISMETER. By Cart D. MILLm 
The Andover Press, Andover, Mass, 1944 
Paper, 6x9 inches, 24 pages. Price $1.00. 

Under the title, there is printed the fol- 
lowing: “A Scientific and Educational 
Brochure.” This sub-title is accurate, for 
Dr. Miller does more than merely describe 
his invention in commercial catalog style 
As a matter of fact, there is no photograph 
of the Vismeter—not even a diagrammatl 
sketch of this instrument: only a purely 
schematic diagram in b'ackboard style. This 
simple drawing closely resembles the cro 
section of a bearing and {ts journal, with 
exaggerated oil-space, which is drawn 0 


the blackboard by lecturers on lubrication 
theory. 
And a “lecture” is what this brochure 


seems to be—an interesting and well-d 
veloped lecture on the theory and realiza 
tion of CONTINUOUS-FLOW VISCOSIMETRIY— 
which Dr. Miller asserts in his Foreword 
be a new field of physical measurement 
opened up by the Vismeter. To many /* 
struments readers in the processing 
tries, who suffer from the inconve! 
(and worse disadvantages) of taki! 
sample and waiting for the result of the 
viscosity measurement, there will be » fa* 
cination in the possibility of continu 
situ sampling and measurement, wit)! 
cations and records on a centralized 
and even the possibility of effective 
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deliveries within 


30 days 


on standard sets 
and accessories 






H OouBLE B . 
DIAMOND 





GAGE BLOCKS 


Write for Catalog 16 to FORD MOTOR COMPANY 
ohansson Gage Division—Dept No.1, Dearborn, Mich. 


TEMPERATURE 
FLUCTUATIONS 
casting you 

MONEY... ? 


Wherever critical temperature 
is concerned, countless manu- 
facturers have learned to depend on the 
precision and ruggedness of H-B Thermostats 
and Red Top Thermo-regulators (adjustable 
thermostats). They know they can count on 
H-B Instruments to eliminate guesswork, 
simplify supervision and aid in increasing the 
quantity and quality of production. ‘Ranges 
of application are from minus 30 to plus 
350° F. Temperatures can be maintained 
with these instruments to an accuracy of a 
fraction of a degree. Many shapes and 
sizes now available on short order—single 
units, or in quantity lots. Time to get your 
production operating temperature-perfect 
is now. Request bulletin 4-759 telling how. 
H-B Instrument Company, 2525 No. Broad 
Street, Philadelphia 32, Pa. 


THERMOMETERS + THERMOSTATS + RELAYS 
THERMO-REGULATORS + HYDROMETERS 












































a 
—= + an to the pioneering 
work of SOMCO’S re- 
search and engineering 
staffs, extensive plans are already on the boards 


for optical equipment that will unfold new im- 
provements—new engineering wonders. 


SOMCO engineers are making full use of their 
wartime experience—new methods, new ideas, new 
products that will benefit the optical industry in 
the days ahead. 


When peacetime production is resumed you will 
again know the meaning of SOMCO’S undisputed 
leadership—leadership earned through years of 
applied research. 


Keep posted on SOMCO developments for your 
postwar plans. Consult with us 
about your present problems or 
future plans. 





PROJECTION LENSES 


Complete line of commercial, high 
speed, color corrected projection 
lenses for 8mm, 16mm and 35mm 
film and*slide projectors. Drawing 
shows projection lens, 35 mm dou- 
ble frame, various focal lengths. 





A section of SOMCO’S polishing 
department for spherical lenses 


SIMPSON OPTICAL MANUFACTURING CO. 


3200 WEST CARROLL AVE., CHICAGO 24, ILL. 


. PROJECTION LENSES @ CAMERA LENSES © PRISMS 
OPTICAL FLATS e SOUND OPTICAL SYSTEMS 
AND LENS COATING FOR LOW REFLECTION 
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matic control. I must repeat, 
this brochure does not contai 
dustrial instrumentation detai! 
it would not be reviewed wu: 
but under “Manufacturers’ Lit 
Dr. Miller’s exposition of t} 
principles is original—perhaps 
to a mathematical physicist or 
chemist—but the fact that } 
meter patent was filed twenty-t 
is an adequate assurance that 
not the hasty product of a sud 
tion.” On the contrary, it has t 
of painstaking preparation as 


AGASTAT 


ELECTRO-PNEUMATIC RELAY 


| ticularistic presentation.—M. 
PRINCIPLES AND PRA‘ 


FLOW METER ENGINEERIN( 
SPINK. Sixth edition. The Fox 
pany, Foxboro, Mass. Cloth, 5%4 
viil + 200 pages. Price $3.00. 
“This handbook, widely acc: 
standard text and guide, has ju: 
in a new and enlarged edition 
since the book was first publish 
New and advanced phases of ¢ 
are covered for the first time. T 
L. K. Spink, is a member of t} 
committee which developed the |: 
orifice meter tables, a member of 
Fluid Meter Research Committ: 


search Committee. As an engineer 
devoted many years to the stud 
measurement, he is extraordinari! 
to *andle the subject. 

“The book is illustrated with ph 
diagrams and curves, and contain 
tables and formulae needed for 
nary liquid or gas flow computat 
Liquid Section, some of the fe 
methods for determining com; 
factors of liquids at temperatures 
critical, a new and more accurat 
of correlating temperature expar 
on petroleum oils, a quick meth 
recting for tap locations, and a 
method of correcting for viscosity 

“The Gas Section suevests seve 
ods of correcting for viscosity effect 
retical discussion, as well as work 
tions and tables for moisture an 
compressibility, are presented. A 
simple type of intermediate press 
vice which eliminates the by- 
is described. The latest findings 
measurement of pulsating gas fi 
covered.”” [Publisher’s announcement 


FOR DIVERSITY IN TIME DELAY APPLICATIONS 


ELIZABETH AGA NeEWIJERSEY 
AMERICAN GAS ACCUMULATOR COMPANY 
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EQUIPMENT. By Howarp K. 


Pitman Publishing Corp., New 
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about 
actual size 
weighs. Ib 


$4.50. 


understanding of the operation ar 
present-day and future aircraft 1 
electrical equipment. 

“The author holds a B.S. Degree 
trical Engineering from the Unive 
California and has been affiliated 
Communications Division of Trans: 
tal and Western Air, Inc., since 1 
first task with the airline was to a 
velopment of receivers for ground 
The equipment conceived and pl 
use in that early day of the air t 
business, is still standard and in sé 

“Realizing that everyone inter 
fiying is also concerned with such \ 
as the radio and electrical equi; 
planes and airways, Mr. Morgan 


4 oun 
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FEED BUBBLERS 


Write for literature on the Tri- 
mount Sight Feed Bubbler 
with the new panel clean-out- 
type plastic bow]. New design 


W 





4 , | signed his text to provide simple 

INSTRUMENT panel mounting. Adjustable tions of all phases of the subj 
needle written not for those trained in 

valve at top controls science, but for the ordinary use! 


manufacturing and 


tet field rate of bubbling. Highest apparatus with which it deals. It 
re airin e s . fully the basic principles and the 
P g quality throughout. which aviation radio and electrical 
Easily solders hard-to-reach nections tus operates, explains them so sin 
Goattianie foti i ma clearly that anyone in the least 
wee eK ee oe cally minded can understand and f 


ORDER FROM YOUR JOBBER, OR DIRECT. describes modern equipment in det 





Thi j TALL 


GENERAL OFFICES: CENTRAL TOWER, SAN FRANCISCO 3 diagrams accompanying, and prep 
reader for the further development 
KELNOR MANUFACTURING COMPANY ae 0, Chess Gi tleck | trwA ennoun 
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his fra’ \/ Available in any quantity with any type of 
-t% Cars agi Tempero .re-Compensating Bi-Metal De- bracket. 
a a ty . a ° = . ° 
id oi Nt ME sign Bres ser practically free from effects | \/ Sturdy Bakelite Molded insulating casting 
S the carmaniilg of high ood low ambients. shields socket from outside contact. 
P | ./ Center contact lead wire mechanically secured 
A Vv , y 
before soldering, 
/ Both lead wires withstand over 25 Ibs. tension. 
Af \ 
fee 2" x 2" | / Rounded eyelet edges prevent cut or frayed 
NC deep be- | V . . . 
*ox lew panel | lead wire insulation. 
iY x%wide |  /1000 volts minimum breakdown voltage be- 
ii | tween contacts and to ground. 
jus \/ Casting mechanically secured to bracket . . . 
on » 
can’t turn. 
ish ee ; oP . 
. Ss ess 
f the . 1360. Switch Type. Now-Trid Free. Conforms t0 V Socket mechanically secured within casting 
- The autholfecfications AN-C-77. 5 to 50 amps. 32 volts, A.C. or | can’t turn or be pulled out. 
the workinglmc HIGH LAG. | ./ Center contact secured within socket ... con- 
@ le mperature* 350°F; Takes 60°F. bel \ 
of the ASM gel aghaony oe algae = ti oda tact won’t protrude when lamp removed. 
‘ : e Consider this better underwriters’ ap- 
‘on : = §i-Metal of new design is “the finger that peered DRAES coches Tees Some SS 
tud jog lls the trigger.” Insures greater uni- oa te. & 4 fh, Pediat dilemmas te one 
ily ouaialormity of performance by absence of quantity assured. May we send samples THE No. 527F TYPE 
Tliy qualifie ; or our newest catalog? 


fiction and variable load. Simple, com- 


photograph@mmact, dust and water-tight, shock and vi- t PILOT LIGHT ASSEMBLIES 


tains al bration-proof. Primarily for war services, 


4 igh lag adapts it to surge currents in in- 
om ystrial, railroad and other uses. Send for 


mre Dalle MANUFACTURING CO. 


h on a fF LITTELFUSE Inc. 1713 WEST HUBBARD ST., CHICAGO 22, U.S.A. 
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one tly on the dial without any calculations re 
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‘ aif w*- Two models with ranges 0-1000 RPM A U T 0 M A T I C 
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INSTRUMENT SOCIETIES 


Roger W. Allen, 376 Nelson 








Date 


CALENDAR 













































Measurement & Control St., 8.W., Atlanta 
Bekimore Baltimore Industrial In- C. B. Willnecker, 6732 Dan- 
strumentation Society ville Ave., Dundalk, Md. 
Chicago Chicago Society for A. J. Butler, 2626 W. 31st ( Nov. 6°») Merchants’ & Mfrs’ Pneumatic Null Balance Coleman M 
Measurement & Control Blvd., Chicago Club, 237 M Mart Systems Moore Products Co, 
| Dec. 4(B) Merchants’ & Mfrs* Television & Other Puture Commander Wm, 
Club, 237 M. Mart = Aspects of Electronics U. S. Navy 
Cleveland Cleveland Instru- W. A. Stubblefield, 2085 W. Oct. 258) = Cleveland Eng- Ratio-type Electrical L. D. Montgomery, 
mentation Society 104th St., Cleveland 2 ineering Society Thermometers Research En 
Hickok Ele str 
Fort Worth Fort Worth Electronics Ralph Ely, 1116 E. Arlington, Nov. 164) Texas Hotel Stroboscopic Observation Wendell C. Fowler, 
Club Fort Worth, Tex. Sangamo Electric Co 
Dec. 21°49 = Texas Hotel Telemetcring H. R. McKenzie, Texay 
Electric Service Co, 
Gulf Coast Gulf Coast Instrument T. H. Pierson, 3030 Roberts St., 
Maintenance Men's Beaumont, Tex. 
Ass'n 
Hartford Hartford Society for S. J. Zelle, Whitney Chain & 
Measurement & Control Mfg Co., Box 1410, Hartford, 
Conn. 
Kansas City KC Industrial Instru- Gordon H. Burke, 1527 Broad- Oct. 31) Bluebird Cafeteria The Rotameter and Its Kermit Fischer, Presiden: 
mentation Society way, Kansas City, Mo. Secrets Fischer & Porter Co 
Newark New Jersey Society for Robt. H. Gray, 1 Whippoorwill Nov. 14) — : i be 
Sieitneenc & Ceatedl Wap, Sdounsetnelde, NT. N. Y. City—joint meeting—see N. Y. Society announcement 
New York New York Society for H. R. Kalbfleisch, 144-35 Oct. 31°) Men's Faculty Club Cathode-ray Tubes and P. J. Christaldi, Allen B 
Measurement & Control No. Blvd., Flushing, N. Y. Columbia Mniv., 400 Oscillographs DuMont Laboratories 
Nov. 14°23) W. 117th Se. Pyrometry in Steel Industry Dr. R B. Sosman, U.§ / 
Steel Corp. T 
N. Indiana = Northern Indiana Soc. R. W. Schreiner, 4 Waltham St 
Measurement & Control! Calumet City, Illinois ite 
Philadelphia Philadelphia Society J. E. Gambrill, 1317 Nov. 15(8) — Engineers Club Electronic Design Applied Dr. T. A. Cohen, Whe 
for Instrumentation Spruce St to Automatic Control Instrument C da 
Dec. 20°38) Engineers Club Manometer Applications A. A. Hejduk, Merian 
in Industry Instrument Cx iS. 
Pittsburgh American Society for L. M. Susany, c/o Carnegie In- Oct. 232) Roosevelt Hotel Flow Measurement Engi- L. K. Spink, Foxboro Cg 1 ( 
Measurement & Control _ stitute, 4400 Forbes St., Pgh. neering ; 
Se. Louis St. Louis Society for Gus Holubeck, Union ha 
Instrumentation Electric Co., Venice, III. 
Toronto Canadian Society for T. C. Agnew, Minneapolis- Oct. 26°2> (Tobe announced)  Oscillography P. Cavanaugh, Allen B 
Measurement & Control Honeywell Reg. Co., Toronto DuMont Laboratories ot 
Nov. 168) (Tobe announced) (To be announced) Coleman Moore, Preside 5 
Moore Products Co va 
Washington Instruments Society W. A. Wildhack, 328 N. 
of Washington Oxford St., Arlington, Va. a 
Wyandotte Instrument Society of John MacPherson, RFD No. 1, Oct. 238) West Mound Church Combustion Instruments R. A. Wright, Hays Corp to 
Wayne County Wyandotte, Mich. near Telegraph ; 
ee Cee y at C 
“Meeting at 7:30, no dinner. ‘Dinner at 6:30, meeting at 8. (©)Dinner at 7, meeting at 8. ()Meeting at 8, no dinner. e 
Vi 
CHICAGO tained and helped educate our members familiar with the instrument. Then follow 


For our September meeting the speaker 
was Mr. C. H. Gibbons of the Baldwin- 
Southwark Division of Baldwin Locomotive 
Works. The September meeting was our 
first of the 1944-45 Technical Session and 
Mr. Gibbons gave an interesting and in- 
structive paper on “Strain Gages—Uses and 
Applications.” Following the paper there 
was a very interesting discussion. Mr. Gib- 
bons exhibited a very intense knowledge of 
his subject and the unbiased character of 
his presentation and his subsequent an- 
swers to all the questions were greatly ap- 
preciated. —GORDON THOMASSON 


KANSAS CITY 


During the business session of our Sep- 
tember 26th meeting the Nominating Com- 
mittee was elected: L. A. Mears of Sullivan 
Mears Co., H. B. Manley of J. F. Pritchard 
Co., and E. A. Thompson of Minneapolis- 
Honeywell Regulator Co. They will submit 
their nominees for Society officers at our 
next meeting on October 31. 

Ed Thompson of Minneapolis-Honeywell 
presented a basic lecture on thermocouples. 
Ed ably explained from Seebeck's discovery 
to Peltier’s and Thomson's effects as to just 
what makes a thermocouple percolate. Our 
“Quiz Kids,” H. B. Manley of J. F. Pritch- 
ard Co., W. L. Middletone of Fluor Corp., 


O. L. Boutros of Boutros Instrument Co.. 
and K. R. Boob of North American Avia- 
tion, didn’t take a back seat to Messrs. 


Seebeck, Peltier and Thomson when it came 
to answering questions on thermocouples. 
They couldn’t be stumped. 

Lester Johnson of the Sinclair Refining 
Co. successfully answered the question 
which stumned the “Quiz Kids” at the last 
meeting. That is, he explained how to put 
the bubble in a low-pressure manometer. 
Robert H. Cooke of Westinghouse enter- 
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with the Westinghouse movies, “Electronics 
Today” and “The Ramparts We Build.” 
We recommend both pictures for entertain- 
ment and education. —wW. A. REICHOW 


NEWARK 


The Society for Measurement and Con- 
trol (N. J.) opened its 1944-45 season on 
Oct. 2 with more than 75 present to hear 
Mr. James Spencer of Westinghouse speak 
on “Maintenance and Service on Electrical 
Instruments.” In his talk Mr. Spencer em- 
phasized safety and advised that only safe- 
ty-minded persons should be permitted to 
work on electrical instruments. During the 
question period he could not be budged 
from his opinion that pivots should be re- 
placed, not sharpened. He pointed out that 
hardened steel pivots require heat treat- 
ment after sharpening, that very few me- 
chanics have the skill to sharpen pivots, 
and that replacement pivots are inexpen- 
sive. 

The Instrument Societies Calendar in Sep- 
tember listed Mr. Bernhardt as the speaker 
for our October meeting. As explained in 
our recent announcement to members, a 
business trip made it impossible for him 
to speak at that time and Mr. Spencer 
kindly agreed to exchange dates with him. 
Mr. Bernhardt will speak at our December 
meeting and show the movie “Electronics 
at Work.” —Bops GRAY 


NEW YORK 


The first fall meeting was held at our 
new location, the Men's Faculty Club, Co- 
lumbia University, 400 W. 117th Street, 
New York City. Mr. Kermit Fisher, presi- 
dent of the Fisher & Porter Co., talked on 
the “Variable Orifice Flow Meter.” The 
lecture started with a description of the 
fundamentals for the benefit of anyone not 


the development of the meter from B 
earliest history with patent descriptions 
the latest models. This proved to b 21 
most interesting talk as Mr. Fisher q 
swered many questions during the disc 
sion period. —R. R. KALBFLEISM 


PHILADELPHIA 


The speaker at the September 20 me¢ 
ing of the Philadelphia Society for 
strumentation was Mr. J. A. Pellettere, ch 
instrument engineer of the Gulf Oi! Cor 
who spoke to us on “Inter-connected 
struments,” covering ratio instrumentati 
including combustion control. He present 
numerous slides showing all types of | 
struments as applied to specific appli 
tions. From the application standpoint 
considered that the instruments supplied 


the various instrument manufacturers Wé 
very similar. The ase of inter-connet 
instruments had not peen developed to ¢t 
utmost, particularly where process 4 


valve factors entered into the probl: 

The classifications into which h: 
the instruments were as follows: 

1. Simple ratio instruments. 

2. Combat poor system or val\ 

teristics. 

3. Provide selectivity or over-ri 

4. To provide invisible limits. 1. limi 

actually built into the contr 

ment. 
5. Provide safety features— 
(a) Limits 
(b) Over-ride 
(c) Sequence timer (ratio and pr 

6. Compensate important variab 

7. Program Timers. 

The meeting was attended by 4n ® 
thusiastic group of thirty-five me! 
dinner, with eighty-seven present a 
dress which followed. —J. E. ¢ 
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BENDIX MARINE DIVISION - One Hanson Place, Brooklyn, New York 


In chemical industries, synthetic 
A rubber plants, oil refineries... any 
‘' plant, piping precious or poten- 
tially hazardous fluids ...a mistake, 
whether unintentional or deliber- 
ate, in adjusting a chemical pipe-line valve can prove both 
dangerous and costly. But prevention of these human errors 
is easy and infallible with BENDIX-CORY* SAFETY INTER- 
LOCKS...the locks that say “No!” to unauthorized 
handling of your valves. 

The BENDIX-CORY SAFETY INTERLOCK illustrated 
gives absolute control over the opening and closing of the 
valve to which it is attached...and, by use of an interlock 
key, can also control the position of this valve in relation 
to any number of other valves. The unit is wholly me- 
chanical, and fully adjustable to compensate for valve wear 
-one of a number of interlocks specially designed for 
valve protection. 

As safety men of the Bendix “Invisible Crew, 
BENDIX-CORY SAFETY INTERLOCKS are dependable 
guardians for your pipe-lines. Write for full information. 
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New Literatufe # 


In this department we report new literature pertaining to Instrumentation, receiy 








manufacturers. To assist in the War Effort we urge readers to request ONLY those bulles 






which will be of value to them. Use the coupon on the facing page. 











































L-180 Combustion Control for Boiler is recommended for pivots a: 


moet; roms - | Furmaces. Catalog N-O1P-163, 8%” x strument parts. Engis Equipm: . by pt 
= , ; 11”, 16 pages. Combustion control equip- S. Michigan Ave., Chicago 4, Fisch 
| ment for small plants where full me- L-187 Metering Pump. Bul! Road, 

tered control] is not justified. Principles ; 


: , 11”, 8 pages, describes new 
| of operation of complete system as well jing pump (AN 6100-1) in deta 


asc . arts are explained; spe- iew 
as component parts are explained; sp ploded views, performance 


cific applications are illustrated. Leeds &  xchematics of recommended i; 4s fmndust! 
SMALL and Northrup Co., 4934 Stenton Ave., Phila- on aircraft and industrial-pla : nspect 
delphia 44, Pa. tions. Adel Precision Produ ‘orniimet 
L-181 Spencer Binocular Microscope for Burbank, Calif. 


RUGGED-—yer Finish Control. Folder, 8%" X 11°, 4 — 1 199 pit Test Kits. Bullet , oe 
pages. Binocular microscopes, for visual R- 814" 11" 4 page De 7 { ae 
inspection of surface finishes, which pro- ainatt portable tent kit “ar dee oe 
SENSITIVE ana vide magnifications of 108.0X or less. solution test tubes and calee 
Where it is necessary to make visual in- 7 ‘ mak : 


ieauiiees of tetareal entiedas euch on housed in a suitable carrying e) fo 
: s rn faces suc : ; ; : : 
colorimetric measurement of 


i pistol or rifle barrels, ete., a small bore solution. Price list included mm | 
bd inspection telescope is used. Both of these Iron Sponge & Governor C : . Y 
. . r > or a 
instruments are described and illustrated. California Ave., Chicago, Ill. L-198 


George Scherr Co., Inc., 200 Lafayette St., 
New York 12, N. Y¥ L-189 Drawing Instruments. 


The MJL No. 163 L-182 “Aerovox Research Worker.” 8%” X 11”, 4 paaee. Illustrates © set es 
May issue, 8%” X 11”, 4 pages. This is- of drawing instruments and S$ } s 
sue explains various methods for using ©”!Y specifications for the com; 


RATE OF FLOW INDICATOR standard frequency transmissions from ie y= antares Ags nts 4 
























WWYV as an accurate source for calibra- Be onins 
(Differential Flow Type) tion of local frequency sources in labor- L-190 Capacitors. Booklet, 8 i oo 
atories and ships. Previous issues of this 40 pages. Written in non-techn lige 
| publication contained the following sub- guage, text describes various types pulletir 
RUPTURE es PROOF jects: “Calibration Sources for Service capacitors and their applicatior ec seagh 
Test Equipment,” Vol. 16, No. 4; “Capaci- tronic and war equipment. Fift« pagegmmctS fo! 
BELLOWS | tor Impedance and Resistance Measure- Of color photographs, reproduced by perggg?®?! 
ments,” Parts I and II, Vol. 15, No. 12 mission of the Signal Corps and of . 
* and Vol. 16, No. 1, respectively; “Paper lishers of “Radio News.” Sol Migig L-200 
Capacitors As Mica Capacitor Substi- Corp., 285 Madison Ave., N. Y. N. Y! 
tutes,” Vol. 15, No, 11; “An Audio Ampli- L-191 The C-D Capacitor. March issue gmpecificat 
WILL WITHSTAND fler Testing Unit,” Vol. 15, Nos. 9 and ae; 51%” X 7%”, 16 pages. “Matching Speak-ggt the « 
EXTREME OVER RANGING “H. F. Frequency Measurements, Vol. ome ers of Unequal Impedance” explains andggiucatio 
ose —T Aerovox Corp., New develops formulae which can be use ‘Hficat 
: : edtornd, Mass, connecting two or e speakers of 1 id} 
Unique rupture-proof Bellows Unit L-183 Fluid Metering Pump Systems. .qual na Re nye pce 
takes the place of the mercury Bulletin, 8%” xX 11”, 4 pages. Design each speaker drawing a predeterm 
col c ly used in instru- check chart No. 7 provides performance amount of the total amplifier itput fic Deve 
ments of this type. data and specifications for aircraft pump “Square-wave Testing of Amplifiers” s Ang 
systems which deliver a metered flow continued from last issue. “Thermion 
a of anti-icer fluid to selected areas of @ Rectifiers Circuits” discusses five dit: 
plane to prevent dangerous ice forma- ferent tube circuits, which have provenMMelectr 


g ati y h . ¢ , ~ > Mlectr = 
HANDLES HIGH PRESSURES | systems are aiso used to supply aceu- Corp. Hamilton Blvd. south Pianta ans 


rate quantities of fuel to aircraft unit wg, 





Can be furnished for use heaters. Eclipse-Pioneer Div., Bendix Avi- L-192 Precision Ga cath Smapectieiitian « 

with line pressures up to ation Corp., Teterboro, N. J. Peabouenenen Bulletin 8%" x 11", 16 orgie 

1,000 Ibs. psi. L-184 “Isodraulic” Control. Booklet, ‘ Cc onl | aie to ae Muster 7 dla, 
8%” xX 11”, 16 pages. Hydraulic remote ve ~ wart ‘g ao is nt-side MD Mase 

t control systems with receiver lever ? rye pendine ‘cans a ay peng pe 
movement, and receiver synchronization SP!'ne Bares, thread sing ro a ae 

with the transmitter, controlled by a ‘ers master gears, gear rolling fixtures HM, gy. 


REQUIRES LITTLE SPACE connecting fluid system. Principles of op- nurde as aut ean Teena fons. mbust! 


: eration, operating characteristics, dimen- xt an 
34" in diameter—4” long sions, etc., are explained in text which is C°FP- Lge ws. Mich. aa, Meewine 
illustrated by drawings and charts. Adel L-192 Industrial Thermometers * Be the 


Precision Products Corp., Burbank, Calif. ¢T 10%” X 11%”, 2 pages. Ilustr 


EASILY INSTALLED L-185 Panel Electrical Indicating In- dicating and recording temperat 


struments. Bulletin, 84” X 11”, 1 page. struments for general industria] . 
Specifications for 2%” class d-c, panel in- Tine applications. Also glass ste) PT Hand | 


. : , 2 cision thermometers and hydroemet ‘ 
Write for Illustrated Bulletin No. 163-1 struments, available in ranges from 100 a ao eee MEL 208 
f microamperes to 50 amperes. and from Weksler Thermometer Corp., 52-5: \\ 





50 millivolts to 400 volts self-contained. Houston St., New York 12, N. Y eg 
Radio-frequency and rectifier instru- L-194 The General Radio Expe 'mem B,,) . 
MOREY & JONES, LTD. ments also available. Meters Inc., 915- ter. April issue, 6” x9”, 8 page Con: hmet 
917 Riveria Drive, Indianapolis, Ind. tains two articles: “A Bridge-co! ed th 
Industrial Instruments L-186 “Hyprez Finish.” Leaflet, 8%” X Oscillator” and “The Effect of Hu vidi! Moy, 
11”, one page, describes a new method on Electrical Measurements.” Latt arti hi 
922 South Hemlock St. of assuring a high-precision finish on cle discussed the erratic operat” ° als. 
surfaces prepared by machining, erind- measuring instruments in high r (avve BB.) 
LOS ANGELES 21 CALIFORNIA ing, honine or lapping. No scratch pat- humidity. General Radio Co., 30 Sta! , 2 








tern is visible under microscope. Process Street, Cambridge 39, Mass. 
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1e Ohmite News. April issue, 
2 pages. Features a brief bi- 

Lenze (1804-1865) whose 
rk developed certain funda- 
s of electricity and magne- 
A ond article explains the use 
3 as transmitting elements in 
trol systems. Ohmite Manu- 
ompany, 4835-41 Flournoy St., 


, ae 
otameter Sight Flow Meters. 
Catalog ction 10-B, 8%” x 11”, 32 





pages. | rating principles, application, 
and feat. res of fuel flow meters which 
measur’ juid or gas flow rates from 
minute (5 c.c. for air flows) to 
thousar of gallons or thousands of 
cubic fe per minute. Text is illustrated 
by ph rraphs, drawings and charts. 
Fische Porter Co., 923 County Line 
jutboro, Penna. 


150. Folder, 8%” X 
th ey i”, 4 pages. A complete, self-contained, 
We dust X-ray unit for the internal 
ne: nspect of castings, parts, assemblies, 
Comfiete.; for locating flaws, defects, and im- 
7 roduct quality. Object to be 
is placed in specimen compart- 
hes ment and can first be positioned (before 

B dicatomaking the radiograph) by means of the 
rt (allbyilt-ir ioroseopic screen. Specifications 

©) fore listed. North American Philips Co., 

f East 42nd Street, New York 17, 







% ¢.c. | 


L-197 Searchray 


7. 
L-198 Wheeleco Comments, March-April 
sue, 8146" X11”, 4 pages. Several arti- 
les, one describing the application of 
emperature control equipment in heat 
ratment of tools. The second article 
:heat treatment of railroad springs. 
















heelco Instruments Co., Wheelco Bldgz., 
9 ; Harrison and Peoria Sts., Chicago 7, Il. 
‘niea) lang L-199 Thermostatic Expansion Valves. 
3 oMmpuletin 108, 81%” K 11”, 2 pages. Instal- 
n in elongation adjustment and service instruc- 
teen pacogmions for thermostatic expansion valves. 
ad by noripochrer-Lange Co., 3723 Commonwealth 
nd of p ve. St. Louis, Mo. 
o] Mfg L-200 Laboratory and Switchboard 
17, N onectors. Bulletin, 81%” K 11”, 12 pages. 
ur is pecifications for receptacles and plugs 
ng §S f the quick-disconnect type for use in 
plains andggaucational and industrial laboratories. 
be used ing™pecifications are presented in table form 
e if unf™—er ready reference, and all connectors 
ifler sted are illustrated by dimensional 
leterm rawings or photographs. Cannon Elec- 
or out lc Development Co., 3209 Humbolt St., 
yifiers’ ss Angeles 31, Calif. 
hermion(HL-201 Photoelectric Densitometers. 
five dif-MMulletin 316, 8%” x 11”, 4 pages. A pho- 
bi pt: electric system for the measurement of 


tical density of liquids, gases, films, 
d similar transparent materials. Units 
¢ d@sizned and built for production 
sting. Several different types for par- 


Plainfield 


Inapection 


< 11", \ular applications are illustrated. Pho- 
illustrate MMswitch, Inc., 77 Broadway, Cambridge 
aight-side Mi, Mass 

amd mas 
* hind L-202 Combustion Regulators. Bulle- 
Raine f , 8%” x 11”, 8 pages. Application of a 
at mbustion regulator is explained in 


rt and is illustrated by a large scale 
mola De of a typical boiler room show- 


~~ é E the unit (and its connections) with 
“a *. tig hs ) other boiler room equipment. 
Sand wal _ D! ‘tographs supplement the writ- 
* Oren inf rmation. National Brass Co., 
drometet ind Rapids, Mich. 

be W 1-203 Precision Glass Surface Plates. 
7. pider, 8%” % 11", 4 pages. Pyrex-Brand 
cperimen- me Surface plates, flat within 50 mil- 
ges. Con- nths an inch, are available in 12” 
let lod Meter (2” thick) or a 16” diameter 
Humidity thick), Features and specifications 
atte r arti: — ned in text. Photographs illus- 
rat on of ty ts and their use. Optical flats 
y relative * “ lustrated and priced, as well as 
30 Stat - Dock sets, ete. George Scheer Co., 


200 Lafayette St., N. Y. 12, N. Y. 


| 


SESS SSECEEEE SECTS S ESSERE SESESEeEESeSEESeES seeseq 


NUMBER OF OPERATIONS iN 

















































































































100%, 

= 95% ' x Bs a. 
S 90% . ~ 

: MAKE OF WRENCH 
S 95% me “A= STURTEVANT 
3 “Bi- MAKE 
re 80% : "“C"= MAKE 
= "D"- MAKE 
ee : oe : 
= 0 mm Ky E Sey Recor 

COMPLETE FAILURE, 














ge 





Torque Wrench 


As in any other measuring, limiting and inspecting tools, 
the first requisite of a torque wrench is accuracy. This 
accuracy should be permanent for few indeed are the 
users who have means of periodically checking the accu- 
racy of a torque wrench. 


STURTEVANT TORQUE WRENCHES are inberently accu- 
rate because they use the entire beam of the wrench as 
the measuring element and readings are direct — not 
through gears, levers or other error-compounding mech- 
anisms. They will give years of service because the beam 
is ground to uniformly spread operating stress along its 
entire length, and all deflection is well within its elastic 
limits. They are practically indestructible, and can be 
handled like any other tool, on the bench, in the tool 
box, etc.—have no fragile dials, delicate springs or 
wearing parts. That is why the majority of Torque 
Wrenches in use today are STURTEVANT TORQUE 
WRENCHES, 


Write for Bulletin TW-13 


© PREVENT WASTB AND AID THE WAR 


\. 


300,000 


Deflections 
-—- and Still 


Aceurate 


Over 100 models 
and types with 
capacities from 
0-40 In. ounces 
tv 7200 inch Ibs. 


Zz 


STURTEVAN. 


UALITY, 


EFFORT 


(1) Request ONLY the literature that will aid yeu in your war werk. 
(2) Paste the coupon on a gevernment postal card addressed to Instrumente, 


taking care to make all four edges atick. 





Instruments, 1117 Wolfendale St., Pittsburgh 12, Pa. 


(OCT. 1944) 


Please have the following catalogs, etc., reviewed in this issue sent to me. 


Numbers 


I also desire further information concerning the following new products described in 


this month’s “New Instruments” Department 


I also desire further information concerning the following products advertised in 


this issue (Write page number and name of company) 


Name 


ee 


See eee eee eee eee eee 
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RAWSON 
MULTIMETE:S 


Philadelphia 
Merc-to-Merc 
Thermo - Regulators 

Feature 


Mercury to Mercury 

Contacts : Increased 

Contact Capacity : 

Sensitivity within 
0.1 F. Exceptionally Long 
Life and Stability : No 
Arcing : No Oxidation : 
Temperature Lag Re- 
duced : Temperature 
Ranges adjustable to 
700°F. 


FLOW METERS 


for 
Dependability - Accuracy - Economy 


Type 501A 
Accuracy 2 of 1% 
Dynamometers, wattmeters, milliam- 
meters and voltmeters. Also ultra. 
& sensitive meters for both A.C, & 


D.C., fluxmeters, electrostatic vole. 
Philadelphia Merc-to-Mero meters from full scale 120 volts to 
Temperature Controls and 


over 20,000 volts, thermocouples, 
Mercury Plunger Relays earth current meters, cable testers, 


etc. Millisecond Chronoscopes. 
e Special Apparatus Built to Order 


The Philadelphia Thermometer Ce. RAWSON ELECTRICAL 
see INSTRUMENT COMPANY 


WRITE FOR ——— 
No. 104. 
” 110 POTTER ST. CAMBRIDGE, MASS. 


Representatives 
NEW YORK, N. Y. CHICAGO, ILL. 


NEW improved series meters for all 
flows. Low and High pressure-Inte- 
grating-Recording-Indicating. BOILER 
METERS—DRAFT GAGES—METERS 
FOR SPECIAL APPLICATIONS. 


The installation of a single RING 
BALANCE meter in any plant gener- 
ally results in standardizing exclusively 


Oldest Thermometer Manufacturer 
in Philadel phia 














Paimer Company, The . 
Panoramic Radio Corporation,, 
Paragon Electric Company.....6l 
Permo, Incorporated cane cal 
Philadelphia Thermometer Co...06j 
Photovolt Corporation 


ADVERTISERS’ INDEX 








on RING BALANCE Instruments. 


POWER—Many times that of con- 
ventional type meters. 
SIMPLICITY — ruggedness, high 
sensitivity, high accuracy. Minimum 
service requirement. 

WIDE RANGE — changing meter 
capacities as easy as changing weights 


on a scale. 


WRITE FOR BULLETIN T44 EXPLAINING 
MANY OTHER EXCLUSIVE FEATURES 





INSTRUMENT CO. 


CHICAGO, ILL. 


RING BALANCE 


740 N. FRANKLIN ST. 
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Acro Electric Company 
Aerovox Corporation 
Air Express Div., Ry. Agency 617 
Air-Safe Aircraft Inst. Co.....619 
All American Tool & Mfg. Co. 654 
Allied Radio Corporation 
Amer. Cystoscope Makers, Inc. 629 
American Gas Accumulator Co. 656 
American Instrument Company 649 
American Time Products, Inc, A24 
Ames Company, 
Amthor Testing Instrument Co. 645 
Arnold Engineering Company. .649 
Associated Research, inc. 
Automatic Electric Mfg. Co....657 
Bailey Meter Company 
Barber-Colman Company ...... 
Barbour Sciockweill Company. 
Bendix Aviation Corporation, 
Bendix Marine Division 
Biddle Company, James G..... 
Bowser, Ine. 
Bradley Laboratories, 
Breeze Corporations, 
Bridgeport Thermostat 
Brown Instrument Co., The... 
Brush Development Company. .Ai2 
Burgess Battery Company 
Cadillac Glass Company....... 649 
Canadian Radium & Uranium 
Corp. 
Chace Company, 
Chelsea Clock Company 
Chicago Me‘al Hose Corp. 
Cinaudagraph Corporation 
Ciarostat Manufacturing Co... 
Cochrane Corporation. ..Insert, 
Conant Electrical Laboratories 636 
Connecticut Tel. and Elec. Dv. A2 
Consolidated Engineering Corp. A33 
Continental Machines, tnc......631 
Corbin Screw Corpora‘ion.......646 
Daven Company Inside Back Cover 
Dow Corning Corporation.......631 
Drakes Manrfacturing Company 657 
Du Mont Labs., Inc., Allen B..Al4 
Elgin National Wa'ch Co......623 
Eppley Laboratory, Inc., The. .624 
Fast & Company, John E......A26 
Federal Mfg. & Engrg. Corp...Ais 


Federal Products Corporation. ..654 
Fenwal Incorporated 629 
Fischer & Porter Company .... 
Fish-Schu:man Corporation ...625 
Ford Motor Co., Johansson Div. 655 
Foxboro Company, The 

Gaertner Scientific Corp., The. .641 
|. ee err . 649 
General Electric Company A29, 653 
General Radio Company 

Great Amer. Industries, Inc.... 
Guardian Electric 


Hathaway Instrument Company 640 

Hays Corporation, The 

H-B Instrument Company, Inc. 655 

Heiland Research Corporation. A36 

Heise Bourdon Tube Labs 

Hewlett-Packard Company 

Hickok Electrical Instrument Co. 639 

Holtzer-Cabot Div., First 
Industrial Corporation 

Hopp Press, Inc., The 


Iilinois Testing Labs., Inc 
Indiana Steel Products Co., The A40 


J-B-T Instruments, Inc. 
Johannson Div., Ford Motor Co. 655 


Kelnor Manufac'uring Company 656 
Kolisman Instrument Division A3 


Leeds & Northrup Company...A42 
Leupold & Stevens Instruments 653 
Lewis Engineering Company....A5 
Liquidometer Corporation 
Littlefuse, Incorporated 

L & R Manufacturing Co.. 
Luerssen, B. H. 


. 625 

Measurements Corporation 
a patéatnel ' .Back Cover 
Meriam Company, The .........614 
Merit Coil & Transformer Corp 628 
Mine Safety Appliances Co. ..625 
Minneapolis. Honeywell Reg. Co. A23 
Mobile Refrigeration Division. ..A39 
Moctler Instrument Company....A4 
Moisture Register Company... .653 

Morey & Jones, Limited 


Ohmite Manufacturing Co 


Polan Industries ... .. All 
Precision Thermometer & Instru- 

ment Co. ... ood 
Pyrometer Instrument Co., The & 


Railway Express Agency ......6l 
Rawson Electrical Instr. Co. @ 
Refinery Supply Company, The @ 
Rex Rheostat Company d 
Ring Balance Instrument Co.... 
Roller-Smith Company 
Rubicon Company ows 
Sales Engineering Associates, 
Ine. evel 
Schutte & Koerting Company..Aa 
Seedburo Equipment Company... 
Shallcross Manufacturing Co.... 
Shore Instrument & Mfg. Co.. 
Simplex Valve & Meter Ca@...Al 
Simpson Optical Mfg. Co... 
Sola Electric Company 
Spencer Lens Company 
Square D Company 
Standard Electric 
Sticht So., Inc., 
Sturtevant Company, P. A 
Sun Radio & Electronics Co. 
Superior Instrument Company 
Tagliabue Manufacturing C©o., 
SF Inside Front © 
Taylor Instrument Comoaniés..- 
Terminal Radio Corporation 
Thermo-Electric Compa 
Thordarson Elec. Mfg. Co 
Trimount Instrument Company 
A2l, 
Co...6 
Triplett Electr cal Inst 
United Transformer C any 
Vard, Ine, -T 
Wallace & Tiernan Products, 
Ine, as. tee cane wh 
Ward Leonard Electric ©0..--- 
Warren Telechron Compcy - A 
Warwick Products veel 
Waugh Laboratories . 
Weksler Thermometer P.-+ee 
Weston Elec. Instrument Cor 
Wheelco Instruments Company A 
Wrigley Jr. Company, ¥ ®--°" 





